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MATHIMATICS. 

H. S. Caiwjmw, M.A., 8e.D. (Oftmb.}, D.Sc (Olaagow) F.H.S.E. 

Prolfmr 0/ Mathmaticn Pure and Apfdied, 

’•‘♦1. Plane trigonometry; an elementary text-Ijook for the higher ilaaaea of secondary achoois and 
for colleges. [Seo«jiid cd., with c<irrections.| Jiondon, Macmillan and To., Ltd.. 1915, 
8v(»., pp. xviii, 293, i, xii. 

'•*2. Stdutions of the questions in plane trigonometry. I^)ndon, Macmillan iV Co., Ltd., 1915, 8vo. 
(With Miss F. (!ohen, M.A., B.^k-.]. 

••8, The diBcoverv of logarithms by Napier. Math. (Jaz., May 1915, viii, no. 117, pp. 7ft-84. July, 
no. 118, lip. 115-119. 

4. Easy numerical trigonometry of the right-angled tiiangle. Sydney 191H, 8vo,, pp. 9t», 2. 

5. Easy numerical trig<»noinetrv. Sydney, J9H». 8vo., p. 142. 

•tl. A progressive income tax. Math, (iaz.. May 1919, viii, no. 123, pp. 253-258. 

’•7. Napier's logarithms: the development of his the<»rv'. Jour, and Proc, Hoy. Soc. N.S.W., 1919, 
pp. 13t) 142. 

la - -- Phil, May., Nov. 191(1, xxxii, no. 191 pp. 47tl-4S9. 

8. Napier’s logarithmic ooncept. Amr. Math. Monthly. Oct. ItHtl, xxiii, no 8, pp, 319-312. 

9 Elements of non-euclidian piano goomotry and trigonoirtetry (f^nigman'K modern mathematical 
series). T/)ndon, 1919, 8vo. Pp. xii, 179, 119 diagrams. 

*10. A trigonometrical sum and the Gibbs phenomenon in Fcnirier's series. Amer. Jour .Math,, 
Apr. 1917, xxxix, no. 2, pp. 18;V198. 

*11. The Greens function for the equation A**// 0; second pajM'i* Pioc. land. Math. .S'or., 

1917, 2nd ser., xvi, j)t. 2, pp. 84-93. 

12. A progressive incAime tax. Math, (laz., Oct. 1917, ix. no. 131, pp. 137-I3S 

1.3. A simple progressive tax and its liearlng on the Federal Tm-ome Tax and other Acts. Jour, aial 
Proc. Hoy. Soc. S.S.W., 191S, lii, pp, 293 214. 

*14. Diffraetion of waves bv a wedge of anv angle. Prof. Umd. Math. Soc. 1919, 2nd ser, xviii, 
pt. 4, pp. 291-307, tig, l-.V 

■*15. Brumwick’s method of solving prtblems in tlie oonduct-iou of heat. Phil. Mag., May 1920, 
xxxix, pp. 903-910. 


E. M. Wellihch, M.A. {S\d ), H.A (Cantab.) 

Left an r in .Ipfdifd MaJhtmntir.i. 

1. Frw tdoctrons in gaws. Phil. Mag., March 1919. xxm. pp. 189 189. 

2. The motion of ions and electrons through gases. Phil. May , .Inly 1(117, xxxiv, pp. .33-39. 

Ua. Ahier. Jour. AVi., July 1917. xliv, no. 259 (wlndc nf). 194), jq) I 32. 


PHYSICS. 

A. l’oi.i.o(’K. D.Si-, F.HS. 

Piofismr of Phyiftrs. 

1, Practical ph}^® ; 2nH edition, revised and enlarged. S\dnc\, I9J8, 8vo. Pp. xi, 194 [M'ith 
0. U. wilier.] 

*2. A note on a relation lietwoen the thormat con4luc*livii\ and the viscosit v of gases. Jour, and 
Prof. Hoy. Soc. A‘..S'.1F. I9l9, liii, pp. 119-119. 


Edna I). Savck, B.Sc, 

Demonstrator in Physics, 1917-18. 

*1. St:)me detx 3 rmi nations of the heat conductivity of selenium. Join, and Ptoc. Boy. Soc. N.S.W., 
1917, li, pp. 35<b393. 


0. U. VONWILLEB, B.Sc. 

Asniitanl Profesmr of Physics. 

J. .Ve« J. A. Pollock (1). 

*2. Notes on the clastic projaalios of selenium. Jour, and Ptoc. Hoy. Soc. N.SAW, I9l9, liii, pp. 
139-143. 
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1. Sec H Robitin n (7). 


CHEMISTRY. 

jAN'iiT F. McCJituvRAV Bttowx, B.A., B.8<\ 
Srienrf Re^mnh Sehclnr 1 91 A. 


(}. J. Brjiiiows. B.iSt*. 

Ledurer and Dctnonaimtor in dhemUtry. 

♦1. Volumt^ clmn^jes m the pr<)(*e«a of solution. Jour, ami Proe. Ro>f. Soc. N.S.W., 19IP, Uii, pp. 
74-9J^. 

*2. On the hydrijlysis of uroa hydrochloride. Jour, and Pror. Roy. Sor. N.S. W., 1019, Uii, pp. 125>13l!i.^ 

3. The rate of hydrolysis of methyl acetate by hydrochbric acid in water acetone mixtures. Jour. 

Cheni. Sue., tram*.. Nov. 1910, exv, no. OHo, pp. 1230-1230. 

4. The constitution of the nitroprussides. Part 1. Coiwluctivity and cryoseopio measuremenii. 

Jour. Chem. Sue., Trnnjt.. Doc. 1919, cxv, no. 080, pp. 1420 l43o. [With E. E. Turner.] 


C. E. F\WHrrr. D.Sc. (Edin.). Pii.l). (lieip.) 

Profexm of Chmoitry. 

•1. Cineol as a 8<ilvent in cryoscopy. Jour, and Pror. Roy. Sor. N.S. 11'., 1917, li, pp. 407-472. [VVitB 
(!. H. Fischer. J 

*2. Experiments on tin? Iwhaviour of ir<»n in i?onta<‘t with sulphuric acid. Jour, and Pror. Roy. Soe. 
N.Sn\ 1918, hi, pp. 390-404. [With A. A. Pain.] 

3. The fro(‘Zin^ point of solutions, with spetaal refertmcc t4> Holutions containing several solutes. 

Jour. dmi. Sor., July 1919, cxvi, no. 081, pp. 790-801. 

4. The use of freezing punt determinations in quantitative anal^ws. Jour. (%ifu, Sor.. July 1919, 

cxvi, no. 081, pp. 801-808. 

5. Presidential address, delivered before? the IU»yal So<‘ict>, N.S.W., Doc. 3rd 1919, 1^. 24. rny. 8vo. 

Sydney, 1920. [To apfwar in Jour, ami Pror. Roy. »SV. S\S.W., 1920, liv, pp. 1-24.] 

*0. The miscibility of liquids. Jour, aud Pror. Roy. tSor. ,V..V.ir., 1919, liii, pp. 102-10r>. [With, 
(!. K. Fischer.] 


(.’. H. Fihc’Hkr. 

1. See C. E. Faw-sitt (1). 

2. See (’. E. Fawsitt (0). 

J. 0. Stki'HRNs, B.Se. 

John Coultu Srhoiar, 1919. 

*J. A new method of measuring molecular weights. Jour, and Pror. Roy. Sor. ^\S.W., 1910, liii*. 
p]). ltiO-170, I fig. 


1. Sff H. Robinson, (2). 


Ei,i-1( B K. P. HiMiLTOx, B.A., B.Se. 
Srieurr Rasearrh Scholar, 1910. 


(!. H\kkeh, B.Se. (Syd.), D.Sc. (f^)nd.) 

Ijerturrr and DemonfArator in Organic Chemidry, Pure and Applied. 

•1. The anahsis of toluene and benzine in eoal tar oils. Jour, and Pror. Roy. Sor. iV.N.IK,, 1916. 
pp. IHl-lO.*) 

♦2. Ma< rozamia Spiralis as a source t»f industrial alc*dhol. Science and Indudry : Official journal of 
the Commonwealth lH«titnf.e of Science and Indvdry, Dee. 1919, i, no. 8, pp. 470-475. 

3. Note on explosions in coal mines. Jour. Soc. Chem. hd.. 15 l)w. 1919, xx.xviii, no. 17, p, 388. 

4. Starch fnnn laimia palm. Science and IndufAry : Off rial lournal of the CommomceaHh !nHittUe 

of Science and fndmttry. Jan 1920. ii, no. I. pp. 37. 
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Bllkn A!. Hinumarhh, U,8i . 

Lkimn4mior in Pfnjmloify 

1. 11. llubiiiHon (I). 

T. (i. H. Junks H.Sc, 

^Science Ucmirch Sfhohr, l!)10. 

1, See, K. Jiobinsun (3). 

As NIK M. B. Oku, B.8r. 

Caird Schohr, 

1. 6'ee U. llubitiHon (o) 

John Head. M.A., (Cainb.), I»h.l>. (Zurich), B.Sr. (J»ii(l.). 

Proje^^mr of Organic Chcmmlrtf, Pure and Ap/diefL 

1. The adion of bromine water on cthvlcnc. Jour Clam. Soc., Truim., AnnI IH17, < xi, no. (i.>| nn 

240-244. iWith M. M. \ViJliam«.| 

*2. A novel a|»|ilicution of bromine wat(*r in s\nllu‘tic oi-ranu* ilicnuMtn Join aial Ptor. Hog. Soc 
N.S.W., 1017, li. |>p. [With AI. Al. WillianiH 1 

*3. Note on a Papuan natural |K*troleum, Join. Soc. ('hem. bid., 30 Any;. lOlO, xxxvni. up. 310-312 
[With M. M. WilliH 1118.1 

*4. An inveHtiyation of the “marine libn* ' of PoHidoiiia auHtiiilis Commoniveall/i of .la.v. hm(. of 
Sci. and Indudry BuUelln, 1019, no. 14, pp, 00, 20 pluten. |Wifh II (J. Smith.] 

The preparation of HaloyenohvJniiK. Jour. ('hem. Soc., Tranx., April 1920, csvij. no, OIK), pp. 
3r>9'302. [With M. Ai. WillianiH. | 

llOBKRT UOBINMOS, D.Sc. 

Profenmr of Pure and Applied Otganic (.'hemistry, i913*ll)l«‘). 

*♦1, A (iec'omiJoHition of ei'rtain u-nitruinandelic acids. Join, ('hem. Soc., Tranx,, evii, pt. 2, 
pp, 1753*1702. [With (». Al. HobinBon.| 

2. An oxtAJiision of the tht'orv of luldition t<> coiijuyatvd iinnat united HNHtmna Part I. Note on the 

constitution <»f the snltfi of 1 Ix iizvlideiii'- -2 methyl 1 : 2 : 3 : 4 Udra hvilniisoquinoline. 
Jour, ('hem, Soc., Traiix., Oct. I9I0, cix, pt. 2, no. 048. [>p. 1029-1038. |With K. K. P. 
Hamilton. Work dom* at Sydney and Liverpmd rniverHitiiM.] 

3. Kxpi'riftK'ntg on the orientation of substituted »’aUH4iol etliern. Jour. Cliem. Soc., Tniux,, 

CK't. 1917, cxi, pt. 2, no. IMK), pp. 903-929. [With T. (I H Joneti. Work done at University 
of Sydney. | 

4. .ebr<>m iqaaiacoi and some derivatives. Jour. ('hem. Soc.. Trniix., Oct. 1917, exi, pt. 2, no. 

ftdO, pp. 940-940. iWith E. M. HindmarMh and J. Kniyht, Work done nt Uniiersity of 
Sydney.] 

r». 'J’ho iwtion of linltjyenH on pi[K’ronal. Join Clam. Soc., Tranx., ()c(. 1917, cxi, pt. 2, no, (iOi), 
pp. 94n'9“)2. ( W'ith A. Al. B, Orr and Al. M. WillianiH. Work (hme nt UnixerHity of Sidncx.] 
U. lU'searchcH on pseudo-boseH. Part U. Noti* on H»»me iM^rlH'iine denvativen and remarks on the 
mei haiiiHin of the condeiiHation ivactioiiH of pjanido bnwB. Jour. Clam. Soc., Traiix, (h-t. 
1917, cxi, pt. 2, no. OHO, pp. 958-909. (W’ith (J. M. Robinwui. Work done ut Sydney and 
LiverfKiol Uni versi ties.] 

7, VeratncBulphinide. Jour. ('hew. Soc., Traux., Od. 1917, c m, no. 000. jip, !io2-958. [W ith 
J. K. AleU. Brown. Work done at Univerwty of Sydne\.| 

(Iertrudk ai. Roiiis'so.s, Af.8<-. 

Ikwondralor in Orgnmc Chemidry, 19 PM 9 11. 

1. A reaction of horaoj)i|it*roii> I and of homoveriitr\ I alcoholn. Jour. Chem. Soc,, Traiix., 1915, 

evii, pt. i, pp. 207-270. (Work dom* at Sydney Univensity.] 

2. ExperimentH on the so ealled inigratioiiH of atoms ami yr»m])H. Part I. The nitration of p-iodo- 

aniiKile and other iodophenolie ethers. Jour. ('hem. Sue., Trans., Oi t. 1910, <‘ix, pt. 2, no. 
048, pp. 1078-1091. [W’ork done at Sidney ami rjverjsiol Universities.] 

3. Azoxyenteehol cthoiu and related substances. Jour. ('hew. Soc., Trans., Feb. 1917, exi, pt. 1, 

no. 052, pp. 109 121. [WVrk done at Sydney and LiverpM.I Universities.] 

4. Su H. Robinson (0). 
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E. E. TiFRNKtt, B.A., M.Sr., A.1,C. 

Leftm'fr and IknionrtraUir in Orifank Chemklry, Pure and Aj>plied. ^ 

*1 Notts on orjijano-mtst’illic derivatives of ehMiniiim tun^Hten and uvu. Jour, and Proc, Boy, Nuc, 
.V..SMr, 1019, Uii, pp. 100 lOI. [With (1. M. Jhmnott.] 

2. •Vcf (i. .f. Btirrows (4). 

*3. TIus action of ( upric chloride on (trgaiio-inutaUic derivatives of niaKneaiuni. Jf/vr. and Proc. Roy. 
Sov. S\S.]y., 192(Miv, pp. 37-39. 


Makiukkt M. Williams, fi.Hc. 

Science Research Schlnr, 1910. Demonstrator in Organic Chemistry, 1917. 

1. See J. Read (I). 

2. Set It. Itobinson (0). 

3. See .). Read (2). 

4. Sci .f. Rea4 (4). 

.V See J. Itead (6). 

CNOINEERINO. 

Sir ItKNiiv Hahkaclooou K.B.E., B.E. (Hyd.), M.M.E. ((Cornell), Assoc. M. Inst. (^E., M.l.Moeh.E. 
Professor of Mcckmical Engineering. 

1. Military liold engineering. Proc. Eng. Amoc. N.S.W., 1014-1915, xxx, pp. I-S. 

3. P. V. Madsmn, B.Sc., B.E. (Syd,). I).8e. (Adelaide) 

Professor of Electrical Engineering. 

*1. Prtsliminary account of a magneto exteiisometer. Jour, of Proc. of the Electrical Association of 
Australia, N.8. W., 1920, iv, pp. 1-20. 

E. P. Taylor, B.E. 

Science Research Scftolar 1912. HaU Fellow in Engineering, 1915 

1. Carburettor action. Jour, and Proc. Syil. Vniv. Efuf. Soc., 1915-10 and 1910-17, 191H, xx, pp. 
75-91, 0 figs. • 



A PROGRESSIVE IN(X)ME-TAX. 

By Puofkssor TI. S. Carslaw. 

In this paper I propose to desoribe a sebeine of progressive taxation wliieh 
has been introduced in Australia in tlie “ luconie-'rax Act, 1915” (Common- 
wealth of Australia). As a novel illustration of the use of the Tniegral 
(Jalculus it may be of interest to readers of the Mathomatical Gazette. 
Incidentally 1 desire to point out the need for care in using the term “ rate 
of tax” when such a progressive tax is jlescribeil. In the schedules of this 
Act the words are used in at least two different senses. And if the curves 
of the second degree, oi any degree, aie to be referred to in Acts of 
Parliament— a step the wisdom of which certainly may be questioned so 
long as the mathematical knowledge of the average man remains what it 
is — the nature of the curves might with advantage be more clearly stated 
than is done in this Act. 

To take the simplest possible case of a progressive tax, let us .suppose the 
tax arranged as follows ; 

Oil the Ist pound, the tax i.s + pence 

On the 2nd pound, the tax is (a -h \]h) pence 


On the 7ith pound, the tax is ^ 5^ pence. 

Then on Un the tax will be got by suninnng this Arithnu'tical Progression, 
and we have for the re.sult f pen(!e. We might say Unit the rate 

S or £ on an income of £/i i.s \a^lnh) pence. However, this way of 
escribing the tax wouhl be unfortunate. It does not distinguish between 
the rate at the nth pound and the averafje rate on £n. 

The change in the rate of the tax in this example has t^ken place at each 
increment of £l. It might have taken place continuously, just as (Vmipound 
Interest can be reckoned from instant to instant, instead of v early, half- 
yearly, or quarterly. Modifying the example, we sh;dl assume, that the 
rate in pence at the .rth pound is given by the equation 

R — a’^b.r, 

Then the tax on £.r would be j (a-}-fKr)d.r pence, or a (ai-}Jir) pence. 
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A PRCXURESSIVE INCOME-TAX. 


It 1*8 interesting to examine these two cases graphically. Taking two 
rectangular axes, let the r-axis refer to suina in (>ounds sterling and the 
/f-axis to rates in pence. 



In the figure, the line 

is drawn, and the ordinaU's at the points on the axis of .r, whovse abscissae 
are 1 , 2 , 3 , etc., meet this line at 7 *,, 7 ^, /*3, etc. 

The tax on the wtli pound in the second example is given by the area 
of the trapezium whose top corners are 7\,_i and 

The dotted lines in the figure, througli the middle points of 
etc., arc at distances rr-t-.l/j, <? + ()/>, etc., from the axis of .r. And the areas 
of the successive rectangles wlifcli we thus introduce into this figure give 
the tax on the successive pounds in tlie first exain[>le. 

It will be seen that tlie tax on in these two cases is the same. And 
it should be noted that though the rate of the tax at the 7ith pound is 

( 2 ?i — 1 \ 

+ bj. The distinetion here 

referred to eorresponds to that which meets tlie beginner when he is dealing, 
witli velocity in a straight line under constant acceleration. With the nsu^ 
notation, the velocity at the time t is given by and the distance 

travelled in the interval (f, ^ + 1) i» + 

M^hen the rate of tax at the .rth pound is given by the equation 


7f=-rt + ft.r, (1) 

we might quite naturally aav that the rate increases continuously in a curve 
of the first degree. And it is but a step to extend this to the cases 

7i == d- UiX -t- (2) 

and a,.r + -f (3) 


These are the curves of the secuiul an«l third degrees introduced into the 
Income Tax Act, as will be seen below. 



A PKOCJRESSTVK IMCOMR TAX. 


In (2), the tax for 8ii(!]i part of a iiiaii’s income as lies between and 
would I>e 

I * (a„ + <lr^ 

and ill (3) it would be 

/ V</o + ^/,.'C+rra'- (/.)•. 

liCt US now turn to the Selie<lulcs of the Act. The Kirst Schedule deals 
with Income from Personal Exertion. It reads as follows : 


FIRST St’llKLHILE. 

Ratk ok Tax upon Tnuomk dkiuveo from Pkiiron vu Exertion. 

For s<i niucli of the taxable income* as jIoch not exceed £7,r>t>0 the rate of 
tax per pound sterliii'^ shall b»‘ Threepence and thri‘(^ eifjht-hundredthH 
of one penny where tlie taxable value is dne ])ound sterliiif^, and shall 
increase uniformly with each increase of One ponnd sterling of the 
taxable income by three eight hundredths of cuie penny. 

For every pound sterling of taxable income in excess of £7,(100 the rate of 
tax shall be sixty pence. 

Tlie rate of tax for so much of the taxable income as does not exceed £7,(100 
may be calculated from the bdlowiiig formula : 

Titrate of tax in pence per pound sterling. 

/—taxable income in pounds sterling. 

It will be noted tliat if we take the oontinuonsly piogressive bix, the rate 
ill pence at the .rth pound in this case is given by the e(piation 

and that, wlien .r~7,(3(X), we have A*— GO. 

Ill this schedule it would have been mon* correct to say that 

yi=3+ ,iio/. 

and that the tax on £/is (3 h 

The “ rate of tax” referred to in the 8c,he<lulc as U is the “aveiage rate.” 

The Second Schedule deals with Income from l*roperty. It reads as 

follows : 


SECOND SCTTEDIJLE. 

Rate of Tax upon Income derived from Property. 

(rt) For income (»f a taxable value not exceeding £r)<lG the rate of tax 
shall be calculated from the following formula : 

/i = ratc of tax in pence per pound sterling. 

/—taxable income in pounds sterling. 

*Tho words ''taxable income” arc used because of dcductiuiiH allowed in certain 
circumstances. 



A TMUHUiESSlVK JNCOME-TAX. 


{h) Eor income of a taxable value excocMlin" £510 but not exceeding 
the rate of tax shall be calculated in the following manner : 

The rate of the tax shall increase continuously with the increase of 
the taxable value of the income in a curve of the second degree 
in such a manner that the increment of tax per pound increase 
of taxable income shall be — 


at a taxable income of £540 
at a taxable income of £0()0 
at a taxable income of £700 
at a taxable income of £8(X) 
at a taxable income of £000 
at a taxable income of £1,000 
at a taxable ijicome of ijbOOO 
at a taxable income of £2,000 


1 1*7 1 3 pence 
12*768 pence 
14*072 pence 
16*.‘)12 pence 
18*288 pence 
20*000 pence 
27*000 pence 
33*000 pence 


I i I 


O C — ^ -r ^ ^ 

O’ 'I 2 o o >0 <■> mS o o* 

Wo 


^ K Ti (o «j cQ CO 00 t-* ira lo 

rH 

0'*’’o «>«■’' eo«»- 

g rf! 

*<0 1^7 

rfail 


(f) Eor income of a Uixable value exceeding £2,000 the rate of tax shall be 
calculated in the following manner : 

Eor so much of taxable value as do(*s not exceed £6,500, the rate of 
tax shall increase continuously witli the increase of the taxable 
value of tlie income in a curve of tbo third degree in such a 
manner that the increment of tax per pound increase of taxable 
income shall be — 

at a taxable income of £2,000 33*600 pence 

at a taxable income of £2,500 40*fXX) pence 

at a taxable income of £3,000 45*300 pence 

at a taxable income of £3,500 4})*600 pence 

at a taxable income of £4,000 53*000 pence 

at a taxable income of £4,500 55*600 pence 

at a taxable income of £5,000 57*5(X) ]>eijce 

at a taxable income of £5,500 58*8CM) pence 

at a taxable income of £6,000 50*600 pence 

at a taxable income of £6,500 60*000 pence 


«i‘i 

® r 


aacafiGSGaa 


2 il « rt 0 


-r Cl jr- 


r- o o t ^ O 


1 S 3 

mi 

y, 


t, ^ « I? I r. Cl O Cl >3 C 
• CO Cl Cl Cl •?* ® 'v O ^ 
*-<»ICO-^tl^<OI- iOOr- 




cic'ieoco*t'r*0‘(?« 

Ff>r every pound sterling of taxable income in excess of £6,500 the 
rate of tax shall be sixty pence. 

This is a somewhat terrifying document: and one sympathises with the 
Treasurer iii the task of explaining it to the Uouse. Indeed, when Mr. 
Hughes, ajKilogiziiig for its obscurity, was informed by the Ijcador of the 
OpjKisition that he quite understood the whole matter, he replied that if 
this were so his friend was much more fortunate than himself. 

In section (a), dealing with incomes not exceeding £546, we have another 
case of the formula /f = a + 5 r 

giving for the tax on £.v the sum of pence. 

It will be noticed tliat 
the rate is given by 


it would liavo been more correct to say 
2 


that 


^"'’■*■18107^’ 


and the tax on £/ in ^3 + ^ j)<:nce. 



A PRCKJRESSIVE IN(X)M E-TAX. 


Further, there is a discontinuity in the rate of tax in piisaiiiL^ tlirough 
£546 from (a) to {b). 

In section (b) we meet the ecpiation 

li ~ tf + a^a' 4- 

Tt will be found by solving three linear equations that the ‘Mnercinonts ” 
for £l,(X)U, £l,5(H) and £2,000 ^^ive the followin^^ values fur </„, «, aiiil a.^ : 

23**“^ 3‘2 

«„-0, ami 

Also those values tit the “ increments” for tin* other sums j^iveii in {b), 
except £546, wlnue they give 11 ‘7132288 instead of 1 1‘713. 

For the other incoines named the “ increinonts ” are exact: this one is 
correct to three nlaees. 

But it should bo noted that when 

/2 — 4- 4” rtu-J % 

rX 

the tax on the .ilh pound is / wording of 

the schedule the “rate of tax” and the “increment” are confused. As a 
matter of fact “the increments of tax per pound increase of taxable income” 
are not as given in the Act. 

In section (c), we meet the equation 

It — 4* u j.r 4- 4- 

Taking the last four ligures (.C5,0(X) to £G,5(K)) it will be found by solving 
four linear equations that the values for n,,, t/j, a.^ and are as follows : 

^ _25-](l _ 3-2 _013 

a„— , a.i— n,- 


And these values fit the other “increments” exactly. 

Though the wording of the achc<lnln does not make this (peto elcar, the 
figures given in the Notes to (6) and (c) show that section («) is to be used 
for the part of the income up to £546, (5) for the j>art from £546 to £2,000, 
and (c) for the part from £2,(KK) to £6,500. 

And it would appear that the formula in (rt)> namely + 1^.07 A was 

chosen so that the average rate on £516 reckoned from sectiofis (a) and (6) 
would be the same. However, a more exact calculation leads to 


It = 


181 •06'^’ 


instead of the form given. 

To find the total amount of tax for an income between £546 and £2,000, 
we have then only to integraite 


2316 3*2 , 


r ooo /23*i(i 3'2 \ 

\ 10^'*^'^ ponce, or £43. 17if. Ot/. 

For £2,000 we havej^ ^ pence, or £157. 165. Id. 

These agree with the figures in the Note to (6). 

On the other hand, for an income of £3,000 we must take the part over 
£2,000 separately, using the formula of (c). 
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C) 


For this j»art we }i;ive 



_ 25 H; 


3-2 , 013 

ioo-«-+Yo» 




d.v pence, 


wliieli works out as iJl(>r). 18«. Orf. 

TJuis the amount of tJix for £3, (XX) wouhl be the sum obtained above for 
£2, (KM) plus £1(35. ikl ; in all, £323. 13jf. Id, 

The other sums yiveii in the Note to (<•) will be obtained in the same way. 

Wc have dealt ho far with the original Act. Two months after it became 
law, it was followed by an Amending Act, in which it was enacted that 

“ Where the income of a taxpayer consists of income from personal exertion 
and income from property the rates of the inctune tax shall be : 

(f/) Jn respect of the income from personal exertion the rate that would 
have been applicable if the total taxable inctune of the taxjmyer had 
been derived exclusively from personal exertion ; and 

(6) in respect of the income from property — the rate that would have been 
applicable if the total taxaide income of the ratepayer had been 
derived from property.” 

1 leave the interpi elation of this to the industrious reader. Ilia task 
Would have been an easier one if what the 'JVeasurer called “the beautifully 
simple terms of the mathematician” had received kinder treatment in the 
drafting of the original Act. 


Sydney, N.S.W., Dec. 9, 1915. 
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NAPIER’S LOGARITHMS : THE DEVELOl’MKNT OF 
ms THEORY. 

By H. S. Oarslaw, s.-. d. 

[Read before Ihe Royal Society of K. 8 Wales, Auijuel il, Iflld-I 


Introdnctory. 

§ 1. This paper deals with Napier’s idea of a logaritlim.’ 
In my view there are three distinct stages in tlie develop- 
ment of this idea in his work. In the first lie is concerned 
with a one-one correspondence between the terms of a 
Geometrical Progression and tlie terms of an Aritlimetical 
Progression. Tliere are traces of tills in tlie Construction 
in his use of the series 

10% 10’ ( 1 --i/), 10’ ( 1 - 1^, 'U etc., 

and in the word logarithm itself, derived from \nyo^ dfuOfuU, 
and generally taken to mean the number of the ratios.” 
In the second ho has passed from this correspondence, and 
his logarithms are given by the well known kinematical 
definition, which forms the foundation of the theory of the 
Construction In the third, referred to in the Appendix to 
the Coftstructio^ he has reached the idea of a logarithm as 
defined by the property : — 

‘ In a previous paper in these Proceedings :--Tho Discovery of Logti- 
rithras by Napier of Mercliiston— Vol. 48. pp. 42-72, 1914— tlie question 
of the construction of the logarithms of the Canon has been discussed. 

* The Mirifici Logarithmorum Canonh Constructio was published in 1619, 
two years after Napier’s death, but had been written scversl years before 
his Mirifici Logarithmorum Canonis Description published in 1614. 1 shall 

refer to these works as the Constructio and the Description The Descriptio 
was translated into English by Wright (1616), and Filipow.ski (1867), the 
Conitruciio l>y Macdonald (1889). The former is a rare book, both in the 
original and in translation. Several of the more important pages are 
reproduced in the Napier Tercentenary Memorial Volume, Plates X-VI, 
(London, 1916). 
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The logarithms of proportional numbers have equal 
differences, with tlio additional condition that the loga- 
rithms of two numbers are given. 

In the second and third stages he has obtained what we 
would now call a function of the independent variable — 
the number — , but the function of the third stage is more 
general than that of the second, which it includes as a 
special case. 

If this view is correct, the statement that “Napier’s 
theory rests on the establishment of a one-one correspond- 
ence between the terms of a geometric series and the terms 
of an arithmetic series” * should not be taken too literally. 
Further the custom of employing the term “Napier’s 
logarithms ” to describe only the logarithms of his Canon 
is unfortunate. It will be seen in the course of this paper 
tliat logarithms to the base 10 — as wo know them — arc 
Napier’s logarithms just as much as the logarithms of his 
Canon. 


The First Stags. 

§ 2. The idea that multiplication and division could be 
reduced to addition and subtraction by the correlation of a 
geometrical series and an arithmetical series was not a 
new one. Aristotle was familiar with it, and since his 
time many mathematicians had returned to it. If we take 
the series 

1, 2, 3, 4, 5, 6, 7, 8, 15, 

2, 4, 8, 16, 32, 64, 128, 256 32768, 

the product of 128 and 256 in the geometrical series can 
be read off as 32768, which corresponds to 15, the sum of 
7 and 8 in the arithmetical series. 


' Csjori, Nspier’s Logarilhmio Concept : A Reply. Amenean Matht- 
matteol UotUhly, Vol, 28. p. 71. (lOlG). 
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The Swiss Biirgi in his Arithmetische and Qeometrische 
Progress Tabulen,' constructed some time between 1603 
and 1611, but first pubiished in 1620, used the series 
10 X 0, 10 X 1 , 10 X 2 ,...10 X n, 

His tables cover the range 10* to 10', and for all practical 
purposes are as satisfactory as Napier’s Table of Logarithms 
of 1614. If Napier had simply used the idea of the corres- 
pondence between the terms of a geometrical series and 
the terms of an arithmetical series, his work could not lie 
regarded as so great an advance upon Biirgi’s as it really is. 

But it is clear that at the beginning of his labours, whicli 
extended over a period of twenty years, Napier’s mind was 
working on the same lines as Burgi’s, and that at this stage 
he used the series 

0 , 1 ,2 



in a similar way. This geometrical series occurs in the 
Constructio. He employed it in the calculation of ids 
logarithms, but neither then, nor later, are his logaritlims 
the terms of the corresponding arithmetical series. His 
word logarithm, (See §1), is evidently a survival of the 
first stage of his work. 

Napier meant his tables to be used in calculations involv- 
ing the trigonometrical ratios. In his time, the sine, 
cosine, etc., were lines — or, more exactly, the measures of 
lines — in a circle of given radius. Napier took the radius 

' A faotiinile of the title page of Bflrgi’a work and of one of the pages 
of ttie Tables will be found in the Ifapier Tereenttnary Memorial Volume 
(Plates XII and XTTI), Comparison with the references in Cantor’s 
QeedtieUe der MathemeUik, Tropfke’s Oeechirhle der Slementar-Matkematik, 
and Braunmfihl’s OeeehieMe der trigonometrie will show that in none of 
those works is the title quoted correctly. 
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as 10^ It may be that Biirgi chose 10^ in his tables for a 
similar reason. With our notation Napier^s sines would 
correspond to 7-Figure Tables of Natural Sines, etc. If 
greater accuracy were required, the radius was taken as 
10'^ and sometimes even a higher power of 10 was used. 
These sines, etc., following Glaisher,^ wo shall refer to as 
line-sines, etc. 


The Second Stage. 

§ 3. Napier opened out entirely fresh ground, when he 
passed to his kinematical definition of the logarithm of a 
sine or number. By this definition he associated witli the 
sine, as it continually diminished from 10^ for 90'* to zero 
for 0% a number which he called its logarithm ; and the 
logarithm continually increased from 0, for the sine of 90% 
to infinity, for the sine of 0% 

The fundamental proposition in Napier’s theory in the 
Deseriptio (1614) and the Constructio (1619) is to be found 
in Prop. I of the Deseriptio: 

Tfcc logarithmes of proportiofwll numbers and quantities 
are equally differing. 

And in Section 36 of the Constructio it appears as the 
logarithms of similarly proportioned sines are equidiffercnt. 

Glaisher has introduced a convenient notation nh x for 
Napier’s logarithm, in this system, when the radius is 10^ 
He also uses SiUr x for the line-sine of the angle x, when 
the radius is 10% and he keeps the symbol sin x for the sine 
in the modern sense of the term. With this notation we 


SI. « = 


‘ Quarterly Journal, Yol. 46, p. 125 (1916). To this paper I am indebted, 
not only for a most convonient notation for the different Bystoms of 
logarithms, but also for an account of Speidcirs work, hitherto inaccess- 
ible to me. 

* In quoting the Deecriptio I follow Wright's version, and for the Con- 
9trueiio 1 adopt Macdonald's. 
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In this paper 1 follow his notation, and loge x is used in its 
modern sense for the logaritliin of x to the base e, the 
system commonly called hyperbolic logaritiims. 

The fundamental theorem, referred to above, can now be 
stated as follows: — 

If a : b = c : d, then nlra - nlrh = nl,c — nl,d (1) 

Also we are given that nlr 10*^ = 0 (2) 

Napier’s Canon consists of a I'able of Logarithms in wliich 
(1) and (2) are satisfied. Ilis deiluition of tlie logarithm by 
means of tlio velocities of two points moving in two different 
lines leads to the formula 

nlrX = Wlogef^— ). 

But, of course, neither this, nor the fact that his function 
III, 45 has - 1 for its differentiai coelUcient, when x = 10% 
could be known in his time. 

The Third Stage. 

§ 4. Since uv i u = « : 1, , 
we have (uv) ~ nlrU = nlrV — iiH. 

Thus nlr(uv) = «l.M + nl,v — mLI, 
and it must be remembered tliat nLl is not zero. 

When r = 7, «I,1 = 161180890*38 (Of. Consiructio, Sec- 
tion 63^.^ 

Similarly nlr (u/v) — nl,u - nlrV + mLI. 

Tims multiplication and division are changed into addition 
and subtraction. But the logarithms of numbers witli the 
same figures in the same order cannot be read off from one 
another, since, in this system, 

nlr (10'"a) ■= nlrU — tn (nhl - nlrlO), 

^ Tho error in Napier’s Second Table affects the accuracy of his Canon 
and this nuiul>cr should be 161 180950*5 1 . Tho alteration can be made 
from the corrected result ^iven by Macdonald in his English translation 
of the Oon$tructio pp. 94-5, for it is not diillcult to show that nl, 1 = 7 td, 10”. 
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and nl-jl — nhiO =•• 23025842*31 (Of. Construction Section 
53 ).* 

It is obvious that if a system of logarithms could be 
devised in which the logarithm of unity is zero and the 
logarithmof 10 is unity, the calculations would be immensely 
simplified, and the table curtailed; because one of the chief 
defects of Napier’s CVinon, as well as of Burgi’s Tables, was 
that, if the numbers did not come within the range covered 
by it, more or less awkward calculations were needed to 
overcome this difliculty. 

Napier’s Canon was first printed in the Descriptio (lOli). 
After his death in 1617 the Constructio was published by 
the care of his son. It had been written several years 
before the Descriptio. To this work was added an Appen- 
dix, by the hand of Napier himself, ‘*On the Oonstruction 
of another and better kind of Logaritluns, namely one in 
which the Logaritlim of unity is 0.” This Appendix begins 
with the words: — 

“Amotn/ the vnrious improvements of Loyarithms, the 
more important is that which adopts a cypher as the 
Tjoyarilhm of unity, and 10,000,000,000 as the Loyarilhm 
of either one-tenth of unity or ten times unity. Then, 
these beiny once jixed, the Loyit^rithms of all other numbers 
necessarily follotv.'' 

It is clear from Napier’s vvonls that, when lie wrote the 
Appendix, not only did he see tJie advantage of such a 
system, but he was in a position to draw up a Table of 
Logarithms in which these conditions would be satisfied. 
Indeed he gives three distinct methods of finding these 
logarithms. The kinematical definition of the logarithm 
was superseded, and tlie correspondence between the terms 

* Tbii DUinbor shtniUl bii 2302oS50'n3, ninoo it is easy to show that 
nl,i - ?ii 7 l 0 -nl, 10^', and MiujdonaUl jfivos tho oorreettd logarithmof 
10'^ (loc. cxt.t pp. U4“5). 
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of a geometrical series and the terms of an arithmetical 
series was left far behind. Tins is the third and iinal stage 
of his work. 

Briggs and Napier. 

§ 5. In the change from the logarithms of the Canon to 
this ‘‘better kind of logarithms” Briggs was associated 
with Napier; but, cliiefly because of the unsatisfactory 
account of the matter given by Hutton in his History of 
LogariihmSy^ the share of the former in the discovery has 
been exaggerated. The fault is not due to Briggs; and, 
though his reference to tiie question in the preface to the 
Arithmetica Loyarithniica (1624) is familiar, I reproduce 
it again here: — 

“i myself, when expounding publicly in London their doctrine 
to my auditors in Gresham College, remarked that it would In? 
much more convenient that 0 should stand for the logaritlirn of 
the whole sine, as in the Canon Mirificus, but that tlie logarithm 
of the tenth part of the whole sine, tliat is to say, 5 degrees 44 
minutes 21 seconds, should be 10,000,000,000. Concerning that 
matter I wrote immediately to the auilua* himself; and as soon as 
the season of the year and the vacation time of my public duties 
of instruction permitted, I took journey to Fdinburgh, where, 
being most hospitably received by him, 1 lingered for a whole 
month. But as we held discourse concerning this change in the 
system of logarithm.s, he said that for a long time ho had l)een 
sensible of the same thing, and had Ijeen anxious to accomplish 
it, but that he had published those he had already prepared, until 
he could construct tables more convenient, if other weighty 
matters and his frail health would permit him to do. But he 
conceived that the change ought to be ailccted in this mannor 
that 0 should become the logarithm of unity, and 10,000,000,000 
that of the whole sine; which 1 could not but admit was by far the 
most convenient of all. So, rejecting those which I had already 

* Hutton’K Tracts on Mathematical ond ThiloBOphical Huhjecis, Vol. i, 
Tract 20. 
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prepared, 1 commenceil, under !iis eiioouni^ing couns('l, to ponder 
seriously al)Out the calculation of these tables/’ 

Napier also mentions his discovery of the new system in 
the dedication of his Bdbdolotjia (1617) in a passage quoted 
in ray previous paper/ 

It will be seen from Briggs’ own words, that the raodiiU 
cation which he suggested to Napier was to keep the 
logarithm of the ra<lius as zero, but to take the logarithm 
of one-teuUi of the radius as 10,000,000,000. His reference 
to the Canon is sufficient to show that he does not look 
upon the radius as unity. In the construction of the Table 
of Logarithms, after Napier’s deatli, he takes it as 10’'’, and 
it is for this reason that the characteristics 9, 8, etc., are 
to be found in the logarithms of the sines, etc. 

Using the notation bl,.v for the logarithm of x in the 
system suggested by Briggs when the radius is 10% we have 
blf a ““ blf b ~ b/, c “* bXf d, 
when a : b = c : d. 

Also blAO' = 0, and bM0'~' = 10*«. 

In this system we have 

blr(uv) ~ bl,n -f bl.v - bl,l, 
blAnjv) hi, u - bl,v + blL 
Also WiolO*« = 10 biiolO - 9 bliol 0 
bliolO^ = 9 WiolO ~ 8 blwl =- 10’®. 

Thus WiolO = 9 X 10’® and bfiol =- 10 x 10’®. 

Tlie advantage of the new system consists in tlie fact 
that the logarithms of numbers with the same ligures in 
the same order could be read off from each other, since we 
have b/,^(10’"u) = bl,u — m x 10’®. 

§ 6. The change upon which Napier had resolved, previous 
to Briggs’ visit, was a much more important one. He 
‘‘conceived that the change ought to be alTected in this 


Soo also Macdonald'd Eugliuii trausUtion uf the Constructio, p. 8S. 
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manner, that 0 should become the logarithm of unity, and 
10,000,000,000 that of the whole sine.” And Anally in the 
Appendix wo see that ho often passes from logarithms of 
sines, and now drops all reference to the radius. 

In the new system, logarithms were to bo defined by the 
relations: — 

If a : b = c : ci, then nl a — nl b = nl c ~ nl d, 
with nl 1 = 0 and nl 10 ~ 10^®. 

It need hardly be added that 10’^ was taken for the logarithm 
of 10 instead of unity, for the same reason that 10^ (or 10*®) 
was taken for the radius in dealing with the trigonometrical 
ratios. 

Later Briggs takes the logarithm of 10 as unity, and 
introduces the notation of decimal fractions in his Tables, 
a notation employed, probably for the first time, by Napier 
himself. 

If this account of the growth of the idea of a logarithm 
in Napier’s work is correct,* it seems unfortunate that the 
term Napier’s logarithms is usually coniined to the loga- 
rithms of his Canon, His “better kind of logarithms” 
actually consists of the logarithms now in daily use — the 
logaritlnns which we call logarithms to the base 10. In 
some textbooks tliey receive the awkward name Briggsian 
logarithms. Certainly Briggs calculated them, and the 
rapidity an<l industry with which he performed this immense 
work in computation will always be the admiration of 
mathematicians. But the discovery of the system was 
Napier’s, and the logarithms are as much Napier’s loga- 
rithms as those of his Canon, 

SpeidelTs Kew Logarithmes (1619). 

§ 7. In most accounts of the discovery of logarithms 
reference is made to Speidell’s Nciv Ijogarithmes (London, 

* Se^ also Gibflun's paper in the Napier Tercentenary Memorial Volume, 
pp. 111-137. 
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1610), and it is stated that they contain the first table of 
logarithms to the base 6/ Attention is also usually called 
to the fact that, while logarithms to the base e are fre- 
quently spoken of as Napierean logaritlims, they are quite 
diOerent from the logarithms of Napier’s Canon; and it is 
pointed out that the place of the number e in the theory of 
logarithms and the possibility of defining logarithms as 
exponents were discoveries of a much later day. These 
two statements, at first sight, seem inconsistent. A word 
or two regarding SpeideU’s system will make the matter 
clearer, and will also confirm the view I have taken above 
as to Napier’s final conception of the logaritlim. 

Speidell’s New Logarithmes^ like Napier’s Caiion^ refer 
to the trigonometrical ratios. Using Olaisher’s notation 
sl,x for Speidell’s logarithm of x when the radius is 10% we 
have shx = 10* — nhx. 

It follows that 

sir (uv) = slrU + slrV — sl, l, 
si (uv) ^ SltU — sl,v + sirl, 
and slrl is not zero. 

The sole advantages of this system was tliat it avoided 
the use of negative quan ti ties in calculation with logarithms. 
Such quantities were then outside the range of the ^Wulgar 
and common arithmetic.” 

Since nl,x = 10*^ logof^^ ), 

\ X ' 

we have sl,x = 10'+‘ + 10’ log* ( 

Thus 8lr SiQ,* = 10'-+‘ + 10-^ 

= IC (10 4- logo i»). 

In Glaisher’s paper already referred to, be published the interesting 
discovery that an Appendix (1618) to Wright’s English translation of the 
Vescriptio contains a table of hyperbolic logarithms by an anonymous 
author, whom ho idontifies with Oughtrod. 
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la a 86000 Speidoll’s New Logarithtnee may be aaid to be 
hyperbolic logarithms, but the sense is the same as tliat in 
which the logarithms of Napier’s Canon are sometimes said 
to be logarithms to the base . However this is a mis- 
use of the term.’ Still Speidell’s logarithms of sines, from 
the accident that the sine is now used in a different sense, 
have actually tlie same figures asi)ur hyperbolic logarithms 
of sines. 

In the New Logarithmes (1619) lie takes the radius as 10”, 
so ttiat these tables give 

slg SiOi« = 10‘ (10 + loge sin x). 

§ 8. But subsequently Speidell did publish a table of 
liyperbolic logarithms of numbers, which gives the values 
of 10* logo X for numbers 1 to 1,000. This table probably 
appeared either separately, or attached to an impression 
of the New Logarithmes, in 1622 or 1623. In tliis system 
he takes 

sItX = ni4 - nlrX. 

It follows that 

sir (ttt») = sir » + sir V, 
sir («/«) = sir tt - sir V", 

and since 

«lr X = 10’ logo (- -)» 
we have sir x = lO’ logo x. 

But it is clear that in both Speidell’s systems of logaritlims 
the connection with hyperbolic logarithms is accidental, 
and the same is true of the logarithms discovered by 
Qlaisber, to which reference is made at the beginning of 
this section. 

Like Napier and Briggs, Speidell sees that the funda- 
mental property, that the logarithms of proportional 
numbers have equal differences, can be taken as the starting 

’ C/, Qlaisber, loe. eit., p. 146, footnote. 
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point of the theory; and that, if the logarithm of unity is 
zero, the logarithms of the product and tlie quotient of two 
numbers are, respectively, the sum and difference of their 
separate logarithms. 


§ 9 . The Differeutial Equation satisfied by the logarithm 

of .r. 

We have seen tliat the theory of the different systems of 
iogaritlims described in the previous pages rests upon the 
fundamental property: — 

If a i b — o. : d, tlion ^a) - A.(b) = A(c) - A((I), 
where A(.r) stands for the logarithm of x. 

Tiie function ^x), tiiereforo, satisflos the equation 
A(.r -h /») - A(a-) = A - A(l). 

. Hx+h)-X{x)_ + 

' h a: r J» 

v X 

Proceeding to tlie limit ft >0, of course keeping x fixed, 
we have ^ A ^ ^ ^ 

a* 

Tlierefore Mx) = A log* x + B, 

and the system is made definite by adding two other con- 
ditions. 


In Napier’s Canon, writing p for tlie radius, we have 
nix = A log * X + B, 
with nip = 0, and nV />=—!. 

Therefore nix = p log* ). 

In Briggs’ modification of the system, we have 
blx = A log* !r + B, 


witli 


blp = 0 and bl ) = 


10 “ 


10ge(^) 

ThusWx = I0’->,^^^j;^ =10'Mog.«(J>. 
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And Napier’s flnal form is, of course, 
nl X = 10'® logio X. 

Burgl’s Arithmetische und Oeometrische Progress Tnbulen 
also come under the same law. If the terms in tlie Arith- 
metical Progression are taken as the logarithms of the 
terms in the Geometrical Progression, and Bl x stands for 
what I may call Burgi’s logarithm of x, we have 


Bla- = 10 


log,(j|,-) 


101og,^_, fw 


for .V = 10" (1 +£^ 4 ) * s being any positive integer. 

Finally, treating Napier’s series 

0 , 1 , 2 




in the same way, and denoting this logarithm by Nl oc\ we 
have 

1 ^ 

iOgo iQ'iJ /OC \ 

for X — 10" ( 1 - , s being any positive integer. 





A Trigonometrical Sum and the Gihbd Phenomenon 
in Founer^e Series * 

By H. S. Carslaw. 


^ 1. If f(x) is a function which can be expanded in a Fourier's Series 
in the interval 0<a;^2n, with a discontinuity at a;=a such that /(a— 0) and 
/(a+0) exist, the sum of the Fourier's Series for x—a is ij/(a-i-0) +/(«— 0) 
Denoting by 8^(x) the sum of the terms up to and including those in sin nx 
and cos nx^ the curves y^8^{x) are usually spoken of as the approximation 
curves for the series. Up till 1899 it was believed that each approximation 
curve, for large values of «, passes at a steep gradient from a point near 
(a, /(a— 0)) to a point near (a, i(/(a+0)+/(o— 0)), and then on to a point 
near (a, /(a+0)), afterwards oscillating about the curve y=f{x) till another 
discontinuity of f(x) is met. 

In 1899 J, Willard Gibbs pointed outt that the approximation curves for 
the sine series 

2(sina;-~isin2a; + isinSa; — . . . .) 
do not behave in this way. 

In the interval the sum of this series is /(a?), where f{x) is 

defined as follows : 

/(0)=/(2n)=0, 
f{x)=:Xy 0<x<ny 
f(x)—x—2n^ n<x<2n, 

Oibbs stated in effect that the curve y=S^{x) for this series, for large values of n, 
rises just before to a point very nearly at a height 2 f ~-dx above the 

^ X 

axis of Xf passes from that point through (n, 0) at a steep gradient to a point 
very nearly at the same distance 2 f dx below the axis, while in the rest 

•/o X 

6t the interval 0<x^2n it oscillates above and below the curve y^f{x), 

to the Americftn Methcmaticel Society, October, 1915. 
t Vol. mX (1899), p. 606. 
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His statement was not accompanied hy any proof. Though the remainder 
of the correspondence, of which his letter formed a part, attracted no little 
attention, this remarkable observation remained practically unnoticed for 
several years. In 1906 Bocher returned to the subject in a memoir on 
Fourier's Series,* and extended Gibbs' results in two directions. 

First of all he discussed the series 

sinaj+isin 2a;+j8in.3a;+ — , 

which, in the interval 0<x^2ny represents the function f{x) defined as follows : 

/(0)=:/(27*)=0, 1 

f(x)=-^(n--x) — 0<a?<2n. J 

He showed that the approximation curve 

t/=8ina;-f isin2aj+ + -sin»2: = 6\(a;), 

J n 


in the interval 0 <a;<27r, and for large values of «, takes the form of a wavy 
curve which keeps crossing and recrossing the lino a?) and reaches 

its greatest distance from that line (distances being measured parallel to the 

2r7t 

axis of y) at the points > where x, = • 

Further, these greatest distances in the r-th wave arc, for large values 
of w, approximately equal to their limiting values 


i”-X' 


^sina; 


dx. 


In the second place he showed that the phenomenon in question also 
appears in the Fourier's Series for a large class of functions. How large this 
class is will appear in the concluding section of this paper. 

In Bocher's own words ;t If S^(x) denotes the sum of the Fourier's 
expansion of /(a;), the curve i/=/S'„(a;) will, for large values of w, pass in 
almost a vertical direction through a point whose abscissa is a and whose 
ordinate is almost i)/(a+0) + /(a— 0)f. The curve then rises and falls 
abruptly on the two sides of this point to the neighborhood of the curve 


* Annals of Mathematica (2), Vol. VII (1906). See aleo a recent paper in CreHe*» Jonrnalt Bd. 144 
(1914), entitled "On Gibbs* Phenomenon.’* 

Reference should also be made to Runge’s "Thoorie und Praxis der Reihen” (1904), pp. 170-1S0. 
A certain series is there discussed, and the nature of the jump in the approximation curve described. 
But no reference is made to Gibbs, and the example seems to have been regarded as quite an isolated one. 
t Loc, oit, of MathmaUctf p. 131. Both Theorems I and IT, p. 131, should be noted. 
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y=:/(a?), and oscillates about this curve, lying alternately above and below it. 
The highest (or lowest) point of the A;-th wave to the right and left of a will, 
for large values of w, be approximately at the points 


and the height of these waves will be approximately 

f(a+0) ^f(a ^0) 

n 

^where — ^ “ dx^ . 

In the above sentence, a is a value of x at which f(x) has an ordinary 
discontinuity, and Bocher adds a footnote to the effect that ‘^it must be borne 
in mind that we measure the height of a wave from the curve y=f(x) in a 
direction parallel to the axis of 


§ 2. In the function studied by Bocher, i (n— a:), 

6’„(a;) = sina; + ^sin2a;+ — + isinwfl; 

j *x 

(cosa“fcos2a+ +cosaa)da 

0 

sm i a 


The properties of the maxima and minima of S„(x) are not so easy to obtain, 
nor are they so useful in this case as those of 





sin (w+i)a 
sin I a 


da. 


It is the maxima and minima of i?n(a;) with which Bocher deals in his memoir, 
Gronwall has discussed* the somewhat complicated properties of the 
maxima and minima of -S',, (a:) for this series, and deduced Gibbs' Phenomenon 
for the first wave, and the general case of Fourier's Series. 

In this paper I use the series 


2(sina;+jsin3a;+ j8in5a;+. . . .), 


* Uathematikche Annalen, Bd. LXXII (1912). Some of Gronwall’t reiulta had been published a 
few montha earlier by Dunham .Tackson in a paper in the Kendioonii di Circolo Matematioo di Palermo, 
T. XXXn (1911). 
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which, in the interval — n^a;<7r,* represents the function f(x) defined by the 
equations 

/(~n)=/(0) = /(^«) = 0, 

/(ic) Jn — 7«<fl;<0, 

f(x)—in — 0<a;<9f. 


I take 8^(x) for the sura of tlie first n terms of this series, so that 


S^(x) = 2 ^sina;+it sin3 a;+ + (2n— 1) x ^ . 


A number of interesting properties of the turning points of y=:S'*(a;) are ob- 
tained by quite simple methods ; and all the features of Gibbs' Phenomenon 
for this series follow immediately from these properties. 

In the concluding article the extension to the general case of Fourier's 
Series is given; but the method does not differ materially from that of Bocher. 

It is, of course, not an unusual thing that the curves y—8^{x) for a series, 
whose terms are continuous functions, differ considerably, even for large values 
of n, from the curve y = Lt. (SJx)) = 8(x), 

They certainly do so in the neighborhood of a point where 8(x)j the sura 
of the series, is discontinuous. And they also may do so in the neighborhood 
of a point where 8{x) is continuous.t 


Ex. (i). If 
we have 

In this case 8nix) 
is pushed towards <9=0 
Ex, (li). If 




m 


w^Of 


8{w) = 0 , < 9 ^ 0 . 

has a maximum value 4 At <9=~. As n gets larger and larger, this summit 
« n 

but its height remains equal to . 


«n(®)= 


«*» 


<9>0, 


we have 

S(<9) =0, 

In this case 8^(9) has a maximum value at 9= ^ . As » gets larger and larger, this summit 

2 HI 

is pushed towards 9=0 but its height increases without limit. 


* It is more convenient for my purpose to take the interval —ir <« < w than 0<« <2ir. This does 
not affect the argument to any extent. 

t Cf. Osgood, Bulletin of the American Math. 8oe, (2), Vol. Ill (1897), p. 68; Ahkbioaiy Jouinai 
OF Mathematics, Vol. XIX (1897), p. 166; Hobson, “Theory of Functions of a Real Variable,** p. 480; 
Bromwich, “Theory of Infinite Series," p. 110; Carslaw, «Fourier*s Series and Integrals,** Ch. III. 
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The existence of maxima (or minima) of S^{x)f the abscissce of which 
tend towards a (a being a value of x for which the sum of the series is dis- 
continuous), while their ordinates remain at a finite distance from 8(a+0) 
and S(a— 0), as n increases, is the chief feature of the Qibbs' Phenomenon 
in Fourier's Series. And it is most remarkable that its occurrence in Fourier's 
Series remained undiscovered till so recent a date.* 


, The Tbigonometrical Sum 

8^(x) = 2 ^sinrr-l-i sin3aj-|- + (2»— 1) . 

^ 3. If we define f{x) by the equations 

/(-n)=/(0)=:/(n), 

/(a;) = in 0<ir<7t, 

f{x)-—\n — 7t<a;<0, 

the Fourier's Series for f(x) in the interval ^n^^x^n is 
2(8ina;4*i sin3ir+i sin5£C+ ). 

We denote by 8^(x) this sum up to and including the term in sin (2w— 1 )a?. 
Then 

iS'„(fl;)=2r (cosir+cos3a;+ +cos(2^i— l)a;)da;= ( e/a. 

•'0 sin a 


Since 8^(x) is an odd function, we need only consider the interval 0<ir<n 

r 

We proceed to obtain the properties of the maxima and minima of this 
function S^ix), 

I. Since, for any integer w, sin(2t»— l)(in+a;')=sin(2w— l)(Jn— a;'). 
It follows from the series that 8„(x) is symmetrical about x—\n^ and when 
x=:0 and x=zn it is zero, 

IL When (^<x<n, 8^(x) is positive. 

From (I) we need only consider We have 



sin 2 na , 1 

— ; da=rt- 

sm a 2n 


I. 


2na> sin a 
a 


sin 


2n 


da, 0<a;<in. 


The denominator in the integrand is positive and continually increases in the 


*Cf. alio Weyl: (1) "Die Qibbs’iche Ersoheinung in der Theorie der Kugel-Funktlonen/’ Rend. 
€iro. Mat, d, p9lernto, T, XXIX (1910) j (ii) "fiber die Oibba*iche Eraebeinung und verwandte Konver* 
gampbAnomeiie/’ ibid,, T. XXX (1010). 
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interval of integration. By considering the successive waves in the graph of 
sin a cosec the last of which may or may not be completed, it is clear that 
the integral is positive. 

III. The turning points of y—S^ix) are given by 

ft Sit 2n — 1 . 

= %-i= n (maxtma), 

n 2n «-“l ... . 

" V * “ “* (minima). 

We have 

J "* sin 2«a , , dy 6\n2 nx 

— aa, and = — 

0 Bin a ax sm x 


The result follows at once. 

IV. As we proceed from a; = 0 to = the heights of the maxima 
continually diminish^ and the heights of the minima continually increase^ 
n being kept fixed. 

Consider two consecutive maxima in the interval 0<ir<in, namely, 
-- 7^ and ^ ^ being a positive integer less than or equal 


to}(w— 1). We have 




sm a 


(2»i+l)r . a 

sm^r 

2n 


da 


2w 


. a •'21 
sin™ 


(2m+l)» 


Sin a 


da 


2n 


sm ; 


The denominator in both integrands is positive and it continually increases in 
the interval (2m-~l)^<a<(2w+l)7ij also the numerator in the first is con- 
tinually negative and in the second continually positive; the absolute values 
for elements at equal distances from (2 w— l)n and 2mn being the same. 

Thus the result follows. Similarly for the minima, we have to examine 
the sign of 


where m is a positive integer less than or equal to in. 
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V. The first maximum to the right 0 / a; = 0 is at x=: ^ and its height 

2fi 

continually diminishes as n increases. When n tends to infinity, its limit is 


We have 


Jq X 

/ n \ f .1 sin 2 na . I r*" • a j 

hr = = I smac 08 ecs-<^a, 

\2n/ Jo sma 2nJo 2w * 


^’( 2 n ) ^•+'(2«+2) " *““(2 


1 a 1 a 

cosec ^ -X cosec ^r— 

2w 2n 2n+2 2n+ 




Since a/sin a continually increases from 1 to ®, as a passes from 0 to n, 
it is clear that in the interval with which we have to deal 

1 a 1 a „ 

cosec rt“T 7 » cosec x— —x > 0. 

2« 2w 2w+2 2w+2 

Thn. 

But, from (I), AS'„(a7) is positive when 0<a;<n. 

It follows that tends to a limit as n tends to infinity. 

The value of this limit can be obtained by the method used by Bocher for 

the integral f But jt is readily obtained from the definition 

Jo sin la 

of the Definite Integral as the limit of a sum. 


For we have 


o/^\ ^./n\\2n . n 2n .3n 2n 

Hr .) = * y 1? ‘“a + Si ■“ a + ■ ■ + (a-i 

= 3‘i s 

»»n \ mh / m»i)\ nth f 


, 2« , 2n— 1 

+ (a-iji"" a--” 


Therefore 


Lt.s.(«)=2 

n-^oD \^nj Jo X Jo X Jo X 


* Loo, oii,t itmali of Mathematioo, p. 124. Alio Hobson, loo, otf., p. 649. 
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VI. The result obtained in (V) for the first wave is a special case of the 
following: 

1 

The r-th maximum to the right of is at =-7, — n. and its height 

Jn 

continually diminishes as n increasesj r being kept constant. When n tends to 
dXy which is greater than J n, 

0 X 

The r-th minimtm to the right of a/=0 is at % = - n, and its height con- 

n 

tinually increases as n increases, r being kept constant. When n tends to 
dx, which is less than ^n, 

0 X 

To prove these theorems we consider first the integral 


/*"»*■ . /I 

I sina Lc C( 
Jo \ 2 n 


a 1 

cosec ^ — pr- Tn cosec 
2m 2n+2 


2 «+2) 


m being a positive integer less than or equal to 2 m— 1, so that 0< — <n 

in the interval of integration. 

Then 


rr/ \ 1 ^ 

F(a) = 5- cosec 

2m 2m 2m +2 




in this interval. (Cf. (V)). 
Further, 


F(a) = 


(2n+2)‘®“®2«+2 


cosec’ 


= a”* j cos p cosec* p - 


2m.+2 
^ cos 'J' cosec* 


VTTTi cosec V- 
(2m)* 2m 2n 


where ^=a/(2M+2) and it=a/2M. 
But 


A 

dp 


(p^ cos p cosec* p) = — ^ cosec* ^ [0 ( 1 ^ cos ^) * ± 2 cos ^ q= sin ^) . 


And the right-hand side of the equation will be seen to be negative, choosing 
the upper signs f or 0 < ^ < i n and the lower tor in<p<n. 

Therefore f * cos p cosec* p diminishes as ^ increases from 0 to n. 

It follows, from the expression for F(a), that F(a)> 0 , and F(a) 
increases with a in the interval of integration. 



Gibbs* Phenomenon in Fouriefs Series, 


193 


The curve 




X 

_ cosec 
2n 2n 


2n+2^^^^^2w+2)^ 




thus consists of a succession of waves of length n, alternately above and below 
the axis, and the absolute values of the ordinates at points at the same distance 
from the beginning of each wave continually increase. 

It follows that, when m is equal to 2, 4, — , 2(n~l), the integral 



cosec 


2n 


» — Tn cosec 


2w-j"2 


2«+2) 


do. 


is negative; and, when m is equal to 1, 3, — , this integral is positive. 

Returning to the maxima and minima, we have, for the »-th maximum to 
the right of a;=0. 


o, . „ . \ f-^lTsin2wa, r 8in2(w+l)a , 

^ii+l(^2r~l) — I — | *<•‘+0 _ ^ dcL 

•/fl Sin (z sin ct 


J ^(2f-l)» / I 


2n®®®®®2« 2 h+2 


cosec 


2 «+ 2 / 


da. 


Therefore from the above argument, 

Also for the r-th minimum to the right of a;=0, we have 


S.(%)-5^.+i(»s, 




1 


2«®®®®®2n 2n+2®®®®® 


2n+2) 


and S,(%)<S,+i(%). 

By an argument similar to that at the close of (V) we have 


Lt. 

11 '^ao 


6'.W = 


smo; 


dx. 


It is clear that these limiting values are all greater than i n for the maxima, 
and positive and less than I n for the minima. 


The Gibbs^ Phenomenon fob the Series 
2(sinaj+J 8in3a; f J sin5a;4- — )• 

§ 4. Prom the Theorems (I)-(VI) of § 3 all the features of the Gibbs* 
Phenomenon for the series 

2{sinaj+i sin3a;+i 8in5a;+ — ) — —n<x<n 
follow immediately. 


* For the values 


*^0 


' (to, see Bhoher, loc, cit,, Annuli of Mathmatiea, p. 120. 
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It is obvious that we need only examine the interval 0<£C<n, and that * 
the discontinuity occurs at a;=:0. 

For large values of w, the curve 

where 8n(x)=^2(^mx+l sin3a;+ +~^-sin(2n-’l)ir^ , rises at a steep 

gradient from the origin to its first maximum, which is very near, but above, 

0, J — da; 1 j § 3, V [ . The curve, then, falls at a steep gradient, 

without reaching the axis of x 3, Ilj, to its first minimum, which is very 

( /* 2ir gj]2 ^ \ 

0, J — - dxj I 3, VI I . It then oscillates above 

and below the line the heights (and depths) of the waves continually 

diminishing as we proceed from a;=0 to x^ln j§3, IV| ; and from a;=in 
to a; =7!, the procedure is reversed, the curve in the interval 0<a;;g7t being 
symmetrical about x:=:in 3, Ij. 

The highest (or lowest) point of the r-th wave to the right of a;=0 will, 

rit 

for large values of w, be at a point whose abscissa is ^ 3, IIIJ and whose 

gjjj ^ 

ordinate is very nearly j dx 3, Vlj. 

X 

By increasing n the curve for 0<a;<7t can be brought as close as we please 
to the lines 

^ ^ r'' sin X , 

2;=0, 0<^< da?, 

*'^0 X 

0<x<n, 2 /=^, 

it 

a;=7t, ^<y< j —^dx. 

We may state these results more definitely as follows: 

(i) If r is any positive number, as small as we please, there is a positive 
integer v’ such that 

1^71— 6'„(a;)l<e for »>v', 

This follows from the uniform convergence of the Fourier's Series for f{x) in 
an interval which does not include a discontinuity of f{x), 

(ii) Since the height of the first maximum to the right of x^O tends 
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X *" sill SC' 

— — ' (lx as n tends to infinity, there is a positive integer v*' 

sucli that 

^^dx<e for n>v'\ 

\2n/ X 

• • • 7t 

(iii) Let r'" he the integer next greater than . Then the abscissa of 

the first maximum to the right of a;=:0, for is less than e. 

It follows from (i), (ii) and (iii) that, if v is the greatest of the positive 
integers r', r" and v"', the curve y=S^(x), for «> r, behaves as follows: 

It rises at a steep gradient from the origin to its first maximum, whieli is 
sin X 

^ dx and witliin the rectangle 

0<*<e, 0<y< 

•^0 X 

After leaving this rectangle, in which there may be many oscillations about 
= it remains within the rectangle B<x<n—Ef ln—e<y<ln+€. 
Finally, it enters the rectangle 

gjjj ^ 

—~dx + e, 

0 X 

and the procedure in the first region is repeated. * 

The Gibbs^ Phenomenon for the Fourier's Series in General. 

•§5. Let f(x) be a function with an ordinary discontinuity when x—a^ 
which can be expanded in a Fourier's Series in the interval —n^x^n. 

Denote as usual by /(fl+0) and /(«~-0), the values towards which f(x) 
tends as x approaches a from above or below. It will be convenient to con- 
sider /(a+O) as greater than /(a— 0) in the description of the curve, but this 
restriction is in no way necessary. 

« “I 

Let a) = — j y sin (2r— 1) (a;~a). Then 

^(x—a)— iTt, when a<x<n-\-a, 
a) = — } when — n+a<a;<a, 

0)=-i7r, 

^(0)= 0 and ^(x) = ^{x+2n), 

* The coeine series 

^ — ^COS® — io08 3®-f ~C08 6®-i- ....J 

which represents 0 in the interval 0 < (v < ^ and ~ in the interval ^ < 0 ^ < ir can be treated in the same 
way as the series discussed in this article. 
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Now put 

Mx) =:nx)-i |/(a+0) +/(a-0) 1- i t/(a+0)-/(a-0) j^(a;-a), 

71 

and let /(a?), for x=a, be defined as il/(a+0) +/(a—0) j. 

Then 4(^+0) ='»Ka-~0) =4(fl) =0, and •i^(x) is continuous at x=a. 

The following distinct steps in the argument are numbered for the sake 
of clearness : 

(i) Since '^^(x) is continuous at x=a and 4'(u)=0, if e is a positive 
number, as small as we please, a number S exists such that 


for a|<8. 


If S is not originally less than e, we can choose this part of S for our interval 

(ii) 'il/ix) can be expanded in a Fourier's Series, this series being uni- 
formly convergent in an interval a^x^^ which includes no other discontinuity 
of f{x) and ^(o;— o) than a?=a. 

Let s^(x)y ^t^(X’-a) and a^(x) be the sums of the terms up to and including 
those in sin wo; and oohnx in the Fourier's Series for f(x), f(x—a) and 
Then e being the positive number of (i), as small as we please, there exists a 
positive integer v' such that 

|(T„(fl;)— I < I for n^v' in a^xi^. 

Also 

k.(») I ^ -'K®) l+|4(®)l<|+j<| 


in I®— ol<8, if a<o— 8<a<a+8</3. 

(iii) Now if » is even, the first maximum in ^,{x—a) to the right of 

71 71 

a;=a is at a + - ; and if n is odd, it is at a-| — rr. In either case there 

exists a positive integer v” such that the height of the first maximum lies 
^’'sma:, . tie 

X 


2j/(a+0)-/(a-0)( 


for w>v". 


, , f’^sina;, j f sma:, , 
between | dx and | dx + 

Jo X J9 X 

(iv) This first maximum will have its abscissa between a and a + 8, 
provided that ~ < 8. 

Let If'" be the first positive integer which satisfies this inequality. 
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(v) In the interval « + s,(x) converges uniformly to f(x). 

herefore, there exists a positive integer r“'’ such that for 

I /(a:) — s„(a;) I < s in this interval, 

'iNOW from the equation defining iK*) we have 

Sn(^) = H/(«+ 0 ) +/(a- 0 ) ) + ^Ax-a) +0,(3;). 

n 

It follows from (i)-(v) that if v is the first positive integer greater than 
v',v", v'" and the curve y=sAx) in the interval a^x^^, behaves as 
follows: 

When x=a, it passes through a point whose ordinate is within ^ of 

i(/(a+0)+/(o— 0)), and ascends at a steep gradient to its first maximum, 
which is at a height within t of 

t|/(.+0) +/(«-0) , + J- 

7l ^0 X 

This may be written 

n Jj X 

and, from Boclier's table, referred to in ^ 3 , we have 

r®™rf*=_ 0 . 2811 . 

•ft X 

It then oscillates about y=f(x) from x=:a to a+S, the character of the 
waves being determined by the function since the term 0,(0:) only 

adds a quantity less than ^ to the ordinate. 

And on passing beyond a:=o+8, the curve enters and remains within, the 
strip of width 2 t enclosing y—f{x) from 2:=o+8 to x—^. 

On the other side of the point a a similar set of circumstances can be 
established. 
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Appendix. 

The following diagrams are the approximation curves 

of §3 above, for »=1, 2, 3 and 4. They illustrate the results (I-VI) of that 
section. 
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[^Sxfraettttl from the Proeeeihnyi of the Lnwhm Mathematical Sorieftj^ Str. 2 , Val. 16 , Tart 2 .] 


Tntrochtrtion. 

In his recent paper on “ A Class of Diffraction Problems,”* Macdonald 
deduces the solution for a source of sound between two planes cutting at 
any angle from the corresponding solution of the equation of potential ; 
and he puts in analytical form his argument for the general validity of 
this method. 

In this paper I desiro to call attention to the fact that, with the same 
assumptions as are involved in the usual treatment of the differential 
equations of mathematical physics, the Green’s functions, both for the 
equation = 0 and the equation V®w4-^*w=0, can be obtained 
immediately from an integral equation, when the region with which we 
are dealing is finite. The solution is as easy for the one equation as 
for the other in the case when the region is bounded by one sphere 
(or two concentric spheres), a coaxial right circular cone (or two such 
cones), and two axial planes ; and again when the boundary consists of 
a circular cylinder (or two coaxial circular cylinders), two axial planes, 
and two planes perpendicular to the axis. 

Also Fourier’s method leads as readily to the solution of the equa- 
tion = 0 as to that of the equation V^u = 0. This method 

has been applied by Sommerfeld to the Green’s function for the former 
equation.! 

For infinite regions neither Fourier’s method nor that based upon the 
integral equation can be applied to the equation Vhi+Ai = 0. For the 
potential problem we can, however, proceed from the finite to the infinite 

# JProc. London Math, 8oc., Ser. 2, Vol. 14, p. 410 (1916). 
f Jahreibericht der Deutschm MathomaHker-Vereinigungt Bd. 21, p. 309 (1913). 
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region by supposing the outer boundary to move off to infinity. For this 
reason Macdonald’s method is of special value in this large class of 
diffraction problems. 

In my previous paper with the same title* * * § a number of these problems 
were solved with the aid of contour integrals, without the assumptions 
al)ove referred to. Similar rigorous proofs for a larger class of potential 
problems were given some years ago by Dougall.+ 


1. It is well known that the Green’s function! for the equation 
= 0 appears as the kernel of a homogeneous integral equation. § 

Let K{x, ;v, z; x\ y\ z*) be the Green’s function for this equation in 
the region bounded by the closed surface S. 

Let yfrix, y, z) be any solution of the equation 

VV+XV^ = 0, (1) 

which vanishes on the surface of S, and, with its first and second differ- 
ential coefficients, is finite and continuous in B. 

Applying Green’s theorem to the region between B and a small sphere 
2, whose centre is at y\ z\ we have 

(V^V’A-- A’VV) dxdydz+^^ (yj. -K '^) dl = 0, (2) 

where denotes differentiation along the outward-drawn normal to 2. 

Since the Green’s function is infinite as l/47rr, when r->0, at the 
point (x't y\ if we suppose the radius of 2 to tend to zero, we obtain, 
from (2), 

\lr{x\ y\ z*) = X jjj if {x, y, z ; x\ y\ z') \lr{x, y, z) dxdydz, (8) 

the integration being taken through B. 

A simple application of Green’s theorem shows that if (a;, y, z ; x\ y\z^) 


* Proe. London Math, Soc., Ser. 2, Vol. 18, p. 23C (1914). 

t Proc, Edinburgh Math. Soc., Yol. 18, p. 3.3 (1900). 

{ In thift pnper 1 take the infinity of the Green’s function at (sr’, p', z') to be as l/4irf in 
the potential problem (and in the wave problem). In comparing results, the factor 

l/4v has to be noted. Also I take the surface condition at 8 to be a 0. The cases 
dii/dn a 0, dufbn + hu ^ 0 admit of the same treatment. 

§ Cf. Kneser, Die Integralgleichungen und ihre Anwendungen tn der Mathematiachen 
Phyitik (Braunschweig, 1911) ; Heywood-Frdchet, T/ Equation de Fredhoim et ses appUedUona 
d la physique mathimatique (Paris, 1912). 
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is a symmetrical function of (xs y, z) and (x\ y\ z*) ; in other words, we 

K(x, y, z ; x\ y\ z^) = K(x\ y\ z* ; x, y, z). 

It follows, from (3), that the functions ^ are characteristic functions 
(Eigenfunctionen), and the numbers \ are characteristic numbers {Eigen- 
werte) of a homogeneous integral equation with KU‘, y, -sr ; x\ y\ z') as its 
symmetrical kernel. 


2. Denoting the characteristic numbers by 


Xj, Xjj, 

and the corresponding characteristic functions by 

V'lt •» 

from Green’s theorem we have at once 

^ri'sdxdydz =:i0 (r:^s), (4) 

the integration being taken through S. 

And we suppose the functions normalised, so that 

yj/ dxdydz (6) 

If we assume that the Green’s function can be expanded in the series 


yliy/i+.4a^a+..., 

and that the series can be integrated term by term, we have, from (4) 
and (6), /•/•j* 

Ar=^ K(x, y, X ; x\ y\ z')yf/r(x, y, z)dxdydz 


_ ^r(x', y\ z) 

from (8). Thus we have, subject to these assumptions,’^ 

K{x, y, z : X', y\ z') = S !!> . (6) 


8. The assumptions as to the possibility of expressing the Green’s 


* I! it can be proved that the series on the right o( (G) is uniformly convergent, a fmida- 
mental theorem in the theory of integral equations allows ue to oqtiate K {x, y, 2 ; x\ y', s') lo 
the sum of the series. 
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function by the series of characteristic functions are practically the same 
as those which are made in the usual treatment of the potential problems.*^ 
It follows that we need not hesitate to use (6) for such problems, when the 
functions ^ and the correspond inf( numbers X can be obtained. In my 
paper ‘‘ On Integral Equations and the Determination of Green’s Func- 
tions in the Theory of Potential,”! the solutions are given for all the cases 
mentioned in the introduction. 


4. The following examples, solved by this method, will be referred to 
below : — 

I. The region hounded hy the sphere r the cone 6 = Oq, and the 
amal planes 0 = 0, 0 = n. 


Here we have 


P;“''*(;u) sin ^ ^ 


where 


and 


m is any positive integer, 
n is any positive root of P, 7 W = 
p is any positive root of J,i^^{pa) = 0, 
X = p^ 


It follows, from (6), that the Green’s function K(r,0,<l>; is 

given by I 


V V V 
txy / (/*/•’) 7 ^ ^ 


P;"*'* Cu) P:”‘''‘0ii') sin 0 sin 0' 


(7) 


II. The region hounded hy the spheres r a, r = 6, the cone 0 = Sq, 
and the axial planes 0 = 0, 0 = «. 


* Of. Macdonald, Proc. London Math. Soc.^ Ser. 1, Vol. xxvi, p. 166 (1895). 
t Proc. Edinburgh Math. Soc., Vol. 81, p. 71 (1913). 

X Loc. cit., p. 86, The Qreen’s function for the wedge, which Macdonald obtaine in 
his last paper, will be found here under Corollary (ii), deduced from the above by making 
a-^co and /lo-^—l. 
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Here we have 


where 


and 



Un+iiipr) sin - ~ ^ 


m is any positive integer, 
n is any positive root of P„ == 0, 

UM = J,MK,Sf>)—Jn(b)Kf,(ix)* 
p is any positive root of Un, (pa) = 0, 

X = p^ 


It follows, from (6), that the Green’s function is given by 


a^irr') ? » 


Un+^{pr) V,,^^(pr')P„ sin ^0 sin 0' 

/>' *• U'i t iO"') [P,: “*'* (»)] V/i 


( 8 ) 


5. In my paper with the same title, t I pointed out that the equation 
= 0 can be treated in a similar way. But I did not enter into 
details, as my object in that paper was to obtain the Green’s functions by 
a rigorous method ; that is, without the assumptions involved in the treat- 
ment given in the preceding sections. 

I! K{Xt y, z] x\ y\ /) is the solution of the equation = 0 

which vanishes at the surface i8, and is finite and continuous, as also its 
first and second differential coefficients, inside S, except at (x^ y\ z\ 
where it becomes infinite as where then K{x, y,z\ x\y\z') 

is the symmetrical kernel of a homogeneous integral equation. 

Indeed, if z)l is a solution of the equation 

VY+(X+«»)^ = 0, (9) 

which vanishes at the surface of S, and is finite and continuous, as also 


* Ku{%z) as usual stands for — ^ 

*A Sin tlir 

f hoc, oil.t p. 237. 

X The value a » 0 is excluded, since we assume that does not belong to one of the 
nonmd modes of vibration. 
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its first and second differential coefficients, inside S, we have 

'A //» ~ ^ jjj ^ //♦ J 'A //» dxdydz, (10) 

the inte^^ration being taken through S, 

And with the same notation as in $ 2, we have 

yffr'^ndxd.ydz = 0 (r^ s), 

\fridxdydz = 1. 

Also, if we assume that K(x, y, z ; x\ y\ z*) can be expanded in the 
series i i # i 

and that the series can be integrated term by term, we have 

At = jjj K{x, y, z; x\ y\ z')\jrr(x, y, z)dxdydz 

_ \l^r (x\ y\ z') 

Thus we have, as before, 

K(z, //, ^ : x', ij\ z') = 2 f y'’ . (11) 


6. From (11) the Green’s functions for the cases treated in § 4 (and 
other similar cases) can be written down : — 

1. The region hounded by tJie sphere r = a, the cone B = Bq, and the 
axial planes 0 = 0, a. 

The Green’s function^ is given by 


J»+i(pr) J.,i(pr') P:”*"* W sin — ^ sin — 0' 


/7 .^222 
a^irr ) p n m 


f rJl^i(pr)dr (' dp 

Jo Jm« 

vith the same notation as in § 4, 1. 


•,( 12 ) 


* The Holution for the region bounded by the ephere, and the axial planes, is obtained by 
letting as in my paper on potential {loc, ctf., §§ 11, 18). 
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11. The region hounded by iJie spheres r = a, r = 6, the cone d = 6o, 
atid th-e axial plame ^ = 0, ^ = a. 

The Green’s function is given by 


ay/\rr ) p n u 


l7„j(/>;0 UnH(pr')P:’‘’"'(M)Pr’'‘(n') sin ^ 0 sin— 


, (13) 


with the same notation as in $ 4» If* 


7. The results of 4, 6 can be simplified with the aid of the follow- 
ing theorems on Bessel’s functions : — 

1. Let n be a given positwe number, and p^, ... the positive roota 

of the equatimi J,^pa) = 0. 

Then we have 


V >rM)J„(pr>) 

^ p* rJl{pr)<Jr 
Jo 


2n\a / I \ r / \a ) i 


(0 < r < r') 


(r'<r < a). (14) 


II. Let n be a given positive number, and p„ p 2 > ••• positive roots 
of the equation 

U„ ipa) = Jn (pa) K„ {ipb) -‘J„ (ph) K„ (ipa) = 0 (0 < a < 6). 


Then toe have 


1 !/M 

Vnipr)Unipr') _in\\al 

u 

1 - 


i-y) 



1 rUl(pr)dr 1 

fo 

(D-e 

IT 



2» ( V rt J 

» 

1 -1 

(7 

)‘i |i 


.)--i 

(O’: 

© 


II 


(a <r < r') 


(r'<r<b). 

(15) 


III. Let n be a given positive number, and pi, P 2 , ... the positive roots 
of the equation J,(pa) = 0. 
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while I? is not equal to p*. 

V Jnipr)Jn(pf'*) _ 

«*) jJl(pr)dr 


Then we have 

\J.(Ka)K.(iKr')-Jn(<t^) KM\ 
(0 < r < r') 


= {J„(Ka)KSKr)-JAKr)Kn{iKa)\ 

Jn(fca) 

(/<r<«. (16) 


IV. Let n be a given positive number, and py, ... the positive roots 
of the equation 

Un{pa) = Jn{pa) Kn {ipb)--^JJpb) KAipa) = 0 (0 < a < i). 

Then, /f® not being equal to p^, we have 

^ Unipr) Unipr') 

^ {p^—K^)^'rUl(pr)dr 

= I JnM KSko) -JAku) Kndicr) I ] .h ( k/) Kn (M) -JAKb) KA Ikv*) \ 

Jn(Ka) Kn(iKb)--Jn(Kb) KniUO) 

(a <r< /) 

= ] JAkT') K n( iKa)—Jn{ Ka ) KAIkT') [ ] JnM K n (ilcb) — Jn{Kb) KnUKV ) } 

JAku) kAi»^b)—JA*d)) Kn(ifca) 

(y<r<b), (17) 

The first of these theorems was proved by Kneser {Integralgleichungen, 
§ 27). The second follows in the same way. The third was proved by 
Kneser.* The fourth follows in the same way. 


8. Using 7, 1 and II, the Green’s function for the potential problems of 
§ 4 reduce to : — 


I: 


2 




. (in(7)"‘-© 


«^\n+4 


(iv^(rr')" w2w + l 




dp. 


X P;’"’/-(m) P;’""^*(/u') sin = ^ gin ^ ( 18 ) 

a CL 


♦ Math, Ann., Bd. 63, p. 610 (1907). 
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when 0 < r < r'. 


1 


II: 2 2,22«+1 


X P,7""''"0*) Z':’"’''''0*') sin ~ sin ^ 0', (I'J) 

where a <r <r. 

These results are completed by interchanging r and r', when 
r' < r < a in I, and r' <r<h in II. 


9. Also using § 7, III and IV, the (Ireen’s linictions for the equation 
= 0 in the regions of ^ 6, I and II, reduce to: — 


'■ 


Jfi>, 


. mir . VlTT , 

Sin — 0 Bin — 0 , (20) 

ft ft 


when 0 < r < r'. 


II: 


I 

i 




2 

a*^{rr') 


H J»l 


. (x-r) A'„ lU/Vflf) —J,,^i^(Ka) l\„^^(iKr) 

X ) IVn + ^jiKb) I A / 

*f„ i j(/fc/d— ( 4(zc/d A,, + ,\(Au) 


when a < r < /. 


X sin — 

(‘ [pr’i’MVdix " 

Jmo 


0 8111"” 0', (21) 


These results are completed by interchanging r and r\ when /<?•<« 
in I, and r' < r<h in II. 

Using the limiting values for the Bessel’s functions Jnijr) and A't,(/.f) 
as X ”> 0, it will he found that the results I and II of this section reduce, 
when fc -> 0 to those of § 8, 1 and II. 

This is an independent verification of the formula) (20) and (21). 


10. In his discussion of the problem of the diffraction of electric waves 
by a perfectly conducting right circular cone, Macdonald determined the 
constants in his series from the fact that these constants must be identical 
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with the constants in the solution of the corresponding potential problem, 
when both series are expressed in terms of the appropriate harmonic 
functions. 

In his recent communication to these Proceedings^ he puts in analytical 
form his argument for the general validity of this method. 

In the solutions of iiS 8, 9 above, Macdonald’s theorem holds. 

One of the difficulties in the treatment of the equation = 0 

has been that we cannot proceed from the bounded region to the infinite 
region, as in the case of potential ; e.g, by letting the radius of the outer 
sphere tend to infinity in § 6, II. We have to make sure that there is no 
reflection at infinity. With Macdonald’s method the solutions for the 
diffraction problems in infinite regions are obtained at once from those 
of the corresponding potential problems. 


Printed hj 0 . F, Hodf^eon k Son, S Newtoit Street, Kiojtiwey, W.G. S. 
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By H. S. Carslaw. 


{ f?Ttracttid/t otn the Proeeed%ng» of tha London Mathematical Society^ Ser 2, VuL 18, Part 4.] 


The solution of the problem of diffraction by a wedge of any angle in 
the two dimensional cases of plane waves and a line-source, and the three 
dimensional case of a point-source, is due to Macdonald. |- The case of a 
point-source has been treated differently by Bromwich, t If I understand 
him aright, he believes that Sommerfeld’s methods are only of use in the 
case of the half- plane, or wedge of angle 27r.§ Aa a matter of fact 
Sommerfeld himself showed how, by his methods, the solution could be 
obtained for a wedge of angle htt/w {in, n being positive integers), a 
Riemann’s surface of n sheets being used, and he pointed out that, when 
the angle of the wedge is not commensurable with tt, a Riemann’s surface 
of an infinite number of sheets can be employed in the same way.ll Re- 
cently Wiegrefe has given a very complete discussion of the diffraction of 
plane waves by a wedge of any angle by this method, and he has also 
given the formal solution for a line-source and point-sourco.li In §§ 2, 3 
below, a statement of Soramerf eld’s method will be found. 

In this paper I also show that the three problems solved by 
Macdonald by his method of deducing the solution in series for the wave 
equation from the corresponding solution in series for the equation of 
potential can be treated by the modification of Sorainerfeld’s work, em- 
ployed by me in dealing with Green’s functions for the Wedge of any 


* Tbo publioation of this paper has been greatly delayed, owing to the loss of certain 
oorrospondenoe in transit between London and Sydney. — T. J. I'A. B. and G. II. H. 

t Electric Waves, Appendix D (1902) ; Proc. London Math. Soc., Ser. 2, Vol. 14 (1916), 
p. 410; see also Jackson, Proc. London Math. Soc., Ser. 2, Vol. 1 (1904), p. 393. 
t Proc. London Math. Soc., Ser. 2, Vol. 14 (1916), p. 460. 

§ Loc. cif., p. 451 ; foot of page. 

II Sobldmilcb's Zeitschri/tf. Math. u. Physik, Vol. 40 (1901), p. 38. 

^ Ann. d. Physik, (4), Vol. 39 (1912), p. 449, 



2 


Prof. H. S. Carslaw 


[Feb. 18, 


Angle in the Conduction of Heat.* In my method, for the wedge of 
any angle a periodic solution of period 2^ is required, and no use is 
made of Riemaun's surfaces. 

Also I give, by the same method, the solution for the case of piano 
waves when the direction in which they are travelling is not perpendicular 
to the odge of the wedge. This problem, for the wedge of any angle, ^ is 
here solved for the first time. 


Thk EiQiiATion 


Plane Waves. 


Solution of Period 2n7r. 

1. In my former pap(U‘t the fundamental solution 

which represents the disturbance due to plane waves coming from the 
direction is transformed into the integral 


jL [^f>c> co»(a-fl) ,f J 

2,rJ^ 


over the path (A) of Fig, 1, in the a-plane. These two curves are supposed 
symmetrical and asymptotic to the lines ± 7r+^ in the shaded intervals. 
These shaded intervals denote parts of the a-plane in which the imaginary 
part of cos (a— 0) is positive. In this transformation 0' is supposed to lie 
between — 7r+0and w+d. Any path consisting of two such parts, be- 
ginning in the shaded part at infinity to the right of 0 and ending in the 
shaded part to the left of 0, without cutting the real axis, will give the 
same integral. 

An expression of period 2«7r, 7i being a positive integer, was then ob- 
tained, by taking the following integral over the same path (A) in the 


• Proc. London Math, Soc , Sor. 2, Vol. 8 (1910), p. 365. Thifl paper will be referred to 
below as (G.P.), 

t The case of Oblique Incidence on the Semi-Infinite Plane has been treated by me 
previously, of. Proc. Edinburgh Math, Soc., Vol. 19 (1901), p. 71. 

X Proc. London Math. Soc., Ser. 1, Vol. xxx (1898), p. 121. This paper on “ Multiform 
Solutions” will bo referred to bolow as (M.S.). 
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8 


a-plaoe : — 


u 


1 

2mr 


I giitrooi («-•) 


gWn_gW'/* 


da. 


( 1 ) 


The following properties of the expression in (1) were proved 

(i) It is a solution of the differential equation. 

(ii) It is periodic in 0, of period 2mr, 

(iii) It is finite and continuous. 

(iv) As r->ao, u->Uf^ when 1 6— 0M < t, and when 

T < 1 0—0' 1 < 2n7r. 



Now put a— 0 = a' in (1) and we obtain 




(•'+«)/» 


■■ ... 1 jKTCOta* , Y i fin* 

2n7rJ 


over the path (A') of Fig. 2, in the a'-plane. 

In the lower part of the path change the sign of o', nnd we bring it to 
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the upper part, and have, liuall 3 % 

I Mrctwa' ^ 

■” 2mr J ^ ^((~a',e)ln_^erfn) «« 


— .JL- [ pitti 

2nT J 


sin ■ 


n 


a' 

cos cos 

n n 


7C?a , 


( 2 ) 


over the \ipper part of the path (A') in the a'-plane, or any similar path 
not cutting the real axis, and beginning at infinity in the shaded part to 
the right of the origin and ending at infinity in the shaded pari to the 
left. 



Fig. 2. —Breadth of strip, ir ; the path (A') in the a'.plane. 


2. "Sommerfeld' s solution for the wedge of angle nirlm (m and n being 
positive integers). 

Somnierfeld’s method of solution for the case of plane waves and the 
wedge of any angle /i7r/m (m and n being positive integers) is to form the 
sums : — 

r/, = u{6')+u +« {o'+4’^'j + ... to TO terms, 
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5 


1919.] 


and to 7/i terms, 


denoting the periodic solution of period %nr given in § 1 (2) by 
The solution of the physical problem is given by 

ii=U^TV^, 0<fl<— , 0<t)'<— , 

m m 

the negative or positive sign being chosen according as u = 0 or hijon = 0 
is the boundary condition. 

A simple piece of trigonometry reduces this to the form 


im f 
”■ awTT j ' 


,(Krc,titi a' i 

1 


. m , 
sin — 
n 


m 


7)1 , 

cos a 

71 


-cos (d—0^) COB — a' 

71 71 


-COS — + 

71 


da\ 


( 3 ) 

over the upper part of the path (A') of Pig. 2 in the a' -plane. 

Sommerfeld speaks of the terms in TJi and TJ^ as the images of u (6 ) 
in a Kiemann’s surface of n sheets. He reached the solution for the 
wedge «»f any angle by letting 7i tend to inJinity. His method will be 
described in the next section.* 

3. SonwierfehV s solution for the wedge of any angle fi. 

Consider the function defined in § 1 by the equation 

over the path (A) of Pig. 1. 

Let 71 tend to infinity, and we are brought to a solution of the differ- 
ential equation in the form 

W = J- [c‘«' 

2t7r J a— W'" 

over the path (A). 

This function vanishes at r = oo, except when 6 lies in the interval 


• This method is referred to in various passages of Sommerfeld’s papers on this subject. 
Of., for example, p. 38 of the paper in Schlumilch’s Zeitschrift, cited In the introduction. 
See also Wiegrofe (foe. cit,, p. 156). 
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1 0—6' I < T, and when 3 does lie in this interval we have u = ) 

at r = 00 . 

As before, this solution reduces to 


u = 


^ f pUreota' 

2iT]^ a' + 0-0" 


over the path (A') of Fig. 2 in the a'-plane. 

And, finally, by changing the sign of a' in the lower part of this path, 
as in § 1, we reduce the solution to the form 


“ = ST, I (?+?r? +?^.) " 


2i7r j* 


Jkt con a 


2a' 


a'^-(.e-ey 


ia 2 * 


( 4 ) 


over the upper part only by the path (A') of Fig. 2. 

Denote this solution (4) by u (0% remarking that it must not be con- 
fused with the previous function of § 2, for which the same symbol was 
used. 

Now add to this the solutions which correspond to waves in directions 

^'± 2 / 3 , 0'±ifi, .... 


Then we have, in place of Ui of § 2, an infinite series 
Ui- i u{0'+28^) 




2a' 




over the upper part only of the path (A') of Fig. 2. 
But we know that 


IT . IT , 


2a' 


COS-^ a'— 008-^ (0—0') 


~ £ a'“-(0-0'-2s^)»- 


Therefore = ^ gi«ro<Mu' 


TT , 

ft ” 


cos-^ a'— cos ^ (0—0') 


da', 


(5) 


over the upper part only of the path (A'). 
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Similarly, (Jj, *= 2 u{—& 

. TT , 

Bin -Q a' 

da, 

COB -^ a' — COB ~ (0 + 00 

over the upper i>ait only of the path (A'). 

Also the solution of the physical problem is j;iven by 

U:=::V,^V^, 0 < 0 < / 9 , 0 < 0 ' < / 9 , 

as before. 

4. The solution of period 2/3 given in (5) can also be obtained, as in 
§§ 6, 8 and 10 below, by starting from the integral 

1 r .V 
2/3 J ^ 

over the path (A) of Fig. 1. 

[t can be reduced to a series of Bessel’s functions as in (Cl. h\) § 2. 
Then we have \ 

Ui=j (joM+2 2 cos 4-,r(0-e')/j8), (7) 

which agrees, when ^ = 7r, with the series for namely 

Jo(Ar)+2 i: cos s(0~0'). 

1 

For the case in which u = 0 at the surface of the wedge, we have 

u = ^ 2 Jsnffi {Kr) sin stS/^ sin sirff IP* (8) 

5 . A Um-source at {r\ 0 '). 

We suppose the line-source at (/, 0') parallel to the edge of the wedge. 



* Cf. Macdonald, Electric Waves, p. 199. 

t Cf. Sommerfeld, Math, Awn., Vol. 47 (1S90), p. 946; if the solutions corresponding to 
his expression for u at the end of § 6 (8) arc taken for F, -^^nwfm, etc., to m terms, and 
siunmed, the result agrees with the above when 3 ^ nir/ta. 
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In this case we start with the fundamental solution 

Uq = Zq (iKE)y 

where cos (0-8'). 

This is transformed into the following integral in the a-plane, 

the path being the two symmetrical curves* of Fig. 8. This patli we 
shall again refer to as the path (A). 



Fid 3. — Brcsulth of Btrip. 2ir; the path (A) in the a-pluuo. 


In this integral, R stands for cos (a— 0)]. 

In making this transformation of Uq, wo require cuts in the a-plane 


♦ In my former paper (M.S.) some modification is needed in Fig. 6. As drawn, it repre- 
Benta the case when Ti is taken ab negative on the real axis. 

In this paper I use for the required BeBBeFB function of the second kind. With the 
notation now customary, 

“ o (*)]• 
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from the branch points of B parallel to the imaginary axis, 
points are given by a = 


These branch 


where 


cosh ai = 


2rr' ' 


and 8 is zero or any positive or negative integer. 

The points 0 ± /aj are to lie within the path (A) on the right-hand as 
we pass along this path. 

The value of B is fixed in the a-plane, when the cuts are made, if we 
agree that it is to be positive, say, on the real axis. In this case the 
dotted parts of the path (A) of Fig. 3 denote points at which the imaginary 
part of B is negative. In the standard diagram (Fig. 3) the curves are 
supposed asymptotic to ± ‘7r+0, but the upper curve, for example, could 
begin at infinity between tt+O and 2'7r4-^i and end at infinity between 
and 6. 


6. Consider the expression 

If,. 

over the path (A) of Fig. 8 in the «-plane. 

This expression has the following properties : — 

(i) It is a solution of the differential equation. 

(ii) It is periodic in 0, of period 2/9. A change in 0, e.g. from 6 to </>, 
simply translates the path along the real axis of a, and the term Kq^IkB) 
is unaltered. Further, if the change in 0 is equal to 2s/3, where s is any 
positive or negative integer, the other factor of the integrand is unaltered. 

(iii) The choice of the path (A) makes the expression finite and con- 
tinuous when tti is not zero, i.e, when r is not equal to r'. 

This follow's from the approximation for K^(ix)^ namely 

when I I is large.* 

To learn the behaviour of the expression as 0, we note that the 


* Cf. Nielsen, Handhuch d, Th. d, Cyhnderfunhtioiien (1904), Ch. y. 
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path (A) may be replaced by rectilinear parts along which the imaginary 
part of B is negative [cf. (M.S.), pp. 128-9, and 138-9, also (G.F.), p. 367], 
and circuits round the points 6' -^28^, s being zero or any positive or 
negative integer, lying within ± ir-f 0. The straight lines give conver- 
gent integrals. The circuits round give for each 

Zo [iK V j 2r/ cos (0- 9' - 2sj8) [ ], 

and these terms can be interpreted as images of the source. They are 
finite, since r % r\ 

As Oj “> 0, the same argument holds, but one of the circuits will now 
give an infinity of the order K^(ix) when «-► 0, if 0 s being 

zero or any positive or negative integer. 

Thus, if the range of 8, in the space with which we are concerned, is 
0 < ^ < /3, and if 0 < 8' < there will be one point (/*', &), and only 
one, at which the expression is infinite. 

Also, if we take the solution corresponding to — where 0 < 3' < 
there will be no infinity in the region 0 < 8 < for it. 

When r -> 00 , w ~> 0, and there are no terms corresponding to waves 
reflected at infinity. This follows from the argument of (iii) above. 

The expression in (9) is reduced as in § 1 to 






(IkB) 


• I 

sin - 3 " « 
P 


cos cos (0—0') 


-da', 


( 10 ) 


over the upper part of the path (A') of Fig. 4 in the a'-plane, or an equi- 
valent path. 

In (10), B = V(r*+/*-2n-' cos a'). 

It can further be reduced to the series 


urn = J 2 2 K..,f,(iKr') cob , (11) 

when /• < r' ; and when r > r', we have to interchange /*, r' in (11). 


7. The physical problem can now be solved as in § 2, by associating 
with u(0') of (10), the corresponding function u(—0') for (/, —O'), 

All the conditions imposed upon u, in the region 

0<r<x, 0<0<d, 
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10 


u^um±u(-e'). 


according as the boundary condition is du/idn = 0 or w = 0. 

Thus we have as our solution for the line-source at (r', O') in the 
wedge of angle jS, 


u — 2^ j I 


. TT , 

sin^g^ 


• tt , 
sm-^a 


cos a' — cos (0—00 cos a' — cos (0 + O') j 


da\ 


( 1 ‘ 2 ) 


the integrals being taken over the upper part of the path (AO of Fig. 4, 
or an equivalent path. 

It will be seen that this agrees with Macdonald’s result.* 



* EUetrk Uaves , p. 192. 
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The Equation v^w+ = 0. 

A point-source at (r\ z'). 

8. For the point-source at (r', 0', /) we start with the fiintlamental 
solution 


whore cos (f)— 6)'). 


Writiiif^ 


cosh Uj 


}^+r^^+(z-z*f 

2/7*' 


we proceed as in ^ 5 and transform integral 

R e 

over the path (A) of Fig. 8 in the a-plane. 

In this integral, 

li = V 1 r2+r'^+(,— ^V-2r/*' cos ( , 

and the remarks made above as to the cuts in the plane, the fixing of the 
sign of 11, and the interpretation of the dotted parts of the path (A) hold 
as before. 

Finally, the required solution of period 2/i is given by 

over the path (A) of Fig. 3 in the a-plane. 

It can be shown, as in § 6, that the expression in (18) has the follow- 
ing properties : — 

(i) It is a solution of the diilereutial equation. 

(ii) It is periodic in 8, of period 2/:i. 

(iii) It is everywhere finite and continuous, except at the points 
(F, 8'+25j8, z'), s being zero or any positive or negative integer. At 
these points it becomes infinite like when .r 0. 

But if the range of S, in the space with which we are concerned, is 
0 <0 < fij and if 0 < 8' < ^, there will be only one infinity, and that 
of the proper order in this region, namely, that at (F, 6\ z’). 

Also, if we take the solution corresponding to when 0 < 
there will be no infinity in the region 0 < 0 < /? for it. 
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(iv) When r ^ oo , u 0, and there are no terms corresponding to 
waves reflected at infinity. 

I 

The expression in (18) can be reduced as before. 

We obtain for this solution of period 2/9, 




TT , 

Sin a 


cos ^ ~ COR 


ihi\ 


(14) 


where the integral is taken over the upper part of the path (A') of Fig. 4 
in the a'-plane, or an equivalent path, and 


11 = cos a'}. 


9, The physical problem can now be solved as in §§ 2, 7 by associating 

with ?/(9') of (14), the corresponding function u{—B^) for (r\ z'). 

All the conditions imposed upon w, in the region 

0<r<oo, — x<^r<oo, 0<0 </ 3 , 

when (/, 6\ zJ) is a point in this region, are satisfied liy 
M = ,, {O') ± «(-(?'). 

according as the boundary condition is dul?u = 0 or u = 0. 

Thus wo liavo as our .solution for the point-source at (/■', z') in the 

w^edge of angle ft, 

I ± 1„„. 

‘2/^J ^qqqJL cos-^a'— cos -^(fl+f^O j 

(15) 

the integral being taken over the upper part of the path (A') of Fig. 4 in 
the a' -plane, or an equivalent path. 

This agrees with Macdonald’s solution.* 

10. Oblique incidence of plane leaves on a wedge of angle 8 A 


* Loc. ciL, Pt'oc, Tjondon Math. Soc., Ser. 2, Vol. 14 (1915), p. 421. 

It will bo noticed that I have made some changes in the diagram which correspond , to 
Pig. 6 of my previous paper (M.S.). 

t For oblique incidence on the semi'infinite plane (jS « 2ir), of. Proc Edinburgh Math. 
Soc., Vol. 19 (1901), p. 71. 
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The edge of the wedge is supposed not to be perpendicular to the 
direction of the waves. Spherical polar coordinates (r, 0, are used, the 
origin being in the edge of the wedge, and this line is taken as the initial 
line for the angle B or the axis of z. 

The space with which we are concerned in the physical problem is 

given by 0<r<Qo, 0<6<7r, O<0<0, 


the plane surfaces of the wedge being 0 = 0 and 0 = /9. 

We suppose that the line (Z, w, w), defined by (0\ 0') (Fig. 5) is per* 
pendicular to the front of the waves. 



The fundamental solution in this case is 


^ m) ^ ^iit fcos ^ cot + sin 9 ilnd' cos 


We transform this as in § 1 into the integral 


gisreoi® cos#' 
2t 


I 


tin 9 tin cot (a~^) 



over the path (A) of Fig. 1 ; the only change necessary in this figure is to 
insert 0 in place of 0, 
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We are then brought to the solution of period 2^ in 0, 


Atir con Seoaff 


U = 


2/s 


Anr »in 6 sin B' cos (« 


//i “«f 


(16) 


over the path (A) of Fig. 1 in the a-plane. 

This expression has the following properties : — 

(i) It is a solution of the differential equation. 

(ii) It is periodic in of period 2/?. 

(iii) It is Unite and continuous. 

(iv) When r*->oo, it takes the value l• 8 lnfl 8 ln^'cos( 0 -f-^^fl)^ 

the summation extending to the angles <^'+2.v/8 which lie within ± ^4-^, 
« being zero or any positive or negative integer. 

The expression in (16) is reduced, as before, to 


w(0') = ■ 


2/5i 




^inT sin 9 sin 9' cos a' 




cos a' cos 


-da\ (17) 


over the upper part of the path (A') of Fig. 2 in the a'-plane, or an equi- 
valent path. 

Also it is not dilhcult to show that this function ?e(0') satisfies the 
equation 


u(ij») = 


^ COM 9 con 9' 


X I /((icr sin 9 sin 0')+2 S sin 0sin(?')eos*7r(^— 0')/^ | ■ (18) 


11. For the physical problem, the solution is given as in §§ 2, 7, and 
u = u{i>')±u(-i>'}, 

according as the boundary condition is duldn = 0 or = 0. 

Thus we have 


' Sin a 


sin a' 
_£ 


1 ^ ^ ^ cos — cos (0 + 


] 

} da', (19) 


X 
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over the upper part of the path (A') of Fig. 2 in the a'-plane, or an equi- 
valent path. 

And in series, using cylindrical coordinates (rsr, 0, z), we have 


27r I. 


X ] Jo(^ ^')+2 2 »7«r//i(/fBr sin 6') cos aw^l/S cos i”7rf/>7/^| (‘20) 

or 

u = ^ g/iescosd' 2 sin O') sin STr(/>IS sin STr(j>j('^ 


The results in §§ 10 and 11 can be deduced from the solution for the 
point-source at (r\ O', «/>'), by taking as fundamental solution* 



and then letting / -> oo . 


* Cf. Bromwich, lor. cit., p. 4CL 


Printed by 0. F. Hodi^son A Son, Newton Streut. KmgRway. W.C.2, 





ISromwlch^s Method of sol vhiq Prohlenis in the Conduction of 
Heat. By Prof, ll. S. Carblaw, Sc.D. 

!• TN his paper — “Examples of Operational Methods in 
X Matheinatisal Physics,” Philosophical Miignzine, 
Noi 220, April 1919 — Bromwich advocates the use of so- 
oalted operational methods, following Heaviside, in electrical 
and other physical problems, and illustrates his method hy 
the iiolution of various questions, including some in the 
Conduction of Heat. In an earlier paper (Proc. London 
Soc. (Sor. 2) xv. p, 401, 1917) he discussed 
Heaviside’s work, and confirmed it by the aid of contour 
integrals. 

\ The object of the present paper is to illustrate by some 
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prol)Ioms ill linoar flow tho metliod which Bromwich’s work 
nas led me to aflopt in the discussion of a large class of pro- 
hhuns in the Conduction of Heat, It seems to mo easier to 
huihi up the required solution by integrating a suitable solu- 
tion over a (lertain standard path in the plane of the complex 
variable. The proper particular solution will be easily ob- 
tained after a little f>ractice in the method. 

The problems in §§ 2, 3, and 4 have been chosen for their 
simplicity. They are, of course, elementary ami solvable by 
the ordinary methods. The problem in §5 is here solved 
for the first time. The corresponding cases for the semi- 
infinite rod, and the sphere composed of two different 
mat<‘rials, can be treated in the same way. These two 
(jne.stiens are referred to by Heaviside* in bis discussion 
of the Age of tlu* Partb, following upon Perry’s criticism f 
of Kelvin's edassieal treatment of this subject. 

2. ]\od of length a. The ends and .r = a ke/>t at 

temperatarea zero and Vq respecticrh/. The initial 
temperature zero, 

b(‘l the temperature at the p(»int .r at the time t be v. 

Then the (*q nations are as follows ; — 


9e 

dt "'"d. 

V 

0<,r<a. . . 

. . (1) 

r^l). 

when .r=:0. 

. . (2) 

V ~ Co, 

when .r = <f. 

. . (;<) 

r =0, 

when f = (). 

. . (4) 

] 

Fvr, 1. 




The path (P) in the «-pluiie. 


(A)nsider tlio value of v given bv tlie integral 
r^) pNin oLiv 

ITT j sin aa a ^ ^ (’0 

over tlio jiatli (P) of «<•. J i,, the «-j.hine. In this path the 

* Ileavifeido, ‘ EIet:tromuanetic Tlieoiy,. Vol. 11. Chiipter r. 6/, §5 229, 
230 . 

t ‘ Xnlurtj/ li. p. 2*J1 vl mp ^18 5y 
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argument of a on Iho right must lie hotween 0 and and 
on tlio left between Jtt and tt. We take the path (P) u£ 
fig 1 as the standard patli in the problems which follow. 

Since every element of the integral satisHes (1), the value 
of V in (5) satisfies (1). 

Also when .r=s0, wo have ri-O. 

T \ P^~***^ 

And when v= . 1 - da. over the palh (P). (0) 

ITT J A IV/. 

Since the integrand is an odd function oF «, if we foim 
the path (Qj by taking tlui image of the ])ath (P) in the real 



Tho path (Q) in the «-pljiiip. 


axis of a, joining tho ends of tlie palh (T*) and its imago by 
arcs of a cireJe, centre at the origin, whose radius tends to 
infinity, wo have from (6) 



-da^ over the path (<J), 


since the integrals over the circular arcs vanish in the limit. 
Tlierofore when ^ = a, wo have v = ?’o. 

Finally, when <=(), we have 




Vq Psiii a,rd(x 
iir I sin ua a ’ 


over the path (P). 


Now the integrand has no infinities above the path (P), 
and if we complete the circuit by the arc of a circle, dottetl 
in fig. 3, whoso centre lies at the origin and radius tends to 
infinity, the integral over the complete path of fig. 3 is zcio. 
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Blit the integral over the dotted path vanishes in the limit. 
Therefore v=0, when < = 0. 

It follows that the value of v given by (5) satisfies all tho 
conditions of our problem. 


¥‘vr, a 



Tiio solution obtained in (5) ns a contour integral is trans- 
rormed into an infinite series by (’uiichy's Theorem, using 
the path (Q) of fig. 2. 

For we have 




^’0 


fsi 


sin ax e 


‘KaU 


2i7rJ ! 


sin aa a 


' — da^ 


over the path (Q), 


rx 2 " (-- 1 )" . riTT 

= 1*0 +-Z sin xe 

w I n a 



3. 7 he same rod. The end .r = 0 at zero; radiation into 
a medium at Vq at the end .r=?te. 'The initial temperature 
zero. 

Ilero wo have to solve : — 


-N. ■ 2 » 0<x<a. 

B^ B.r^ 

r = 0, when .r=0. 


-f A(r— ro) = 0, when .r=:a 
when t=:0. , . . 


• • • (0 
. . . ( 2 ) 

. . (3) 
. . . (4) 
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Starting £roin the solution o£ (1) 

A sin a*?? 


which vanislies at ar=0, we are led by (3) to choose A so 
that 

a A cos aa 4- = 0 ; 


i. e. 


A = 


hvci 


OL COS Ota 4 h sin aa * 


This brings us to the solution of our problem in the form 


V 


/ii’o r sin a»r ^ 

/tt J a cos aa 4 h sin aa a ’ 


over the path (P). 


(r>) 


It can be shown just as in § 2 that the value of e given 
in (5) as a contour intogrul satisfies all the conditions of the 
problem, for the roots of the equation 


a cos aa-\-h sin aa = 0 (6) 


are all real^, and in the integral 

C ' sin ouv da 

J a cos aa 4 A sin aa a 

the path (P) can be replaced by the dotted part of fig. 3, so 
that, when the radius tends to infinity, this integral vanishes. 

Finally the solution obtained in (5) reduces us in § 2, by 
Cauchy^s Theorem, to a infinite series, and we have 


r ^ L 9 V 

^ ^®Li4Aa^ TcA(l4Aa)4««»“) «n 


— Ka 



the summation being taken over the positive roots of (6). 


4. If the end a: = a is kept at temperature C^, or radiation 
takes place there into a medium at temperature (7, the solu- 
tions corresponding to § 2 (5) and § 3 (5) will be seen to bo 

(- C sin a,?? . 

t;= . 1 —. — - 3 — aa, 

fciTTj siu aa a^ 

Ch C 

r= .1 . / • — 1 da, 

KiTTj a cos aa 4 A sin aa a^ 

respectively, the integrals being taken over tlie standard 
path (P) . 

These can be reduced to infinite series as before, by intro- 
ducing the path (Q), 

* Cf Carslaw, * Fourier » Series and lutei^rals,’ § 133. 
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5. Rod of length h composed of two different materials. The 
ends = 0 ajid kept at zero and Vq respeciivelg. 

1 he initial temperature zero. 


Let vi be tlie temperature in the first part of the roil 
(0<r<a), and Kj, rj, pi be its conductivity, specific heat, 
and density. Ijot be the temperature in the other part 
{a<:r< h), and Kj, Cp, pa tlie corresponding constants thorein. 

Also let , 

fCi = K ,/c,p, and = Ka/rapo. 


The erpiatlons for the teniperaiiiro are as follows : — 


( 1 ) 




0<.r<rt : 


S ''2 




a<x< l>. 


( 1 ') 


(2) ?’, =0, when.r=(>: ^‘ 2 =^o> ^vllon (2') 

(:ij ?'i=:0, when /=(): ^*2 = 0, when / = 0. (:V) 

’’i = when .v = u (4) 

d!i? ~ ^ 

It is clear that 


= A] sin 


and ra = (A 2 sin p,a(.r— a)-f Ba sin p<x{h-^ 

satisfy (1) aii<l (T), when p— v^C/fi/zto)- 

Thc^ also satisfy (4) and (5), provided that 

Aj sin aa= Basin — rr), 

and KjAi cos aa = Ka/x(Aa — Bj cos poi{b^a)). 

Tlierefore wo take 


and 

wlioro 


Aj «= (<T cos aa + sin aa cot pa (/> — a ) ) Aj , 
sin Ota 

Da — 

<T= 


sill poL[b — a) 
Ki 
Ka/x 




'\/ {kIS)‘ 


Introducing the path (P) and c hoosing a suitable value for 
Ai, we arc led to the solution ; — 

?’o Psin a.r , 

K(a) « 

PpinpaO’ — u) sin an sin pa(/i— ,r)\ 

^ CoJ \sinpa(/> — a) F(a) sin pa(/>^a)/ a~*^ ^ 
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where 

F (a) ~ <T cos aa sin — a) -f sin otn cos yLta(A — n) , 

and tlicse integrals arc taken over the standiinl patli (P). 

The second integral reduces to 

?'o cos aa sin — a) -I- sin aa co«i /^af.r — a) ^ 

iTTj a cos ua sin /Aa(// — a) -h sin aa cos g,aU) — a) a 

over the path (1^). • • • 

The values nn<l ^ivon in ((>) and (8) satisfy all the 
conditions of oiir prohlcni : for, from the v\ay in \^hich tliey 
liave been built up, they ob\ioiisly satisfy tho differential 
e^juations (1) and (J'), and (2), (d), and (5). 

Further, putting in (8), we have r = Vo- 
We shall prove below that the roots of the <*(jiiation 

F(a) ^<7 cos an sin + sin aa cos fxa[h--a) =0 (9) 

arc infinite in number, nil real and not rt‘poarcd, and it is 
clear that to each positive root there corresponds an etpial 
and oppo^it(5 negative root. 

Assuming this to be the case, the same argument as in § 2 
will show that the initial (‘onditions (.’i) and [W) arcs >atisficHj. 

Finally, the? solution is obtained as an inlinite series. 
For we lia\e, from (fi) and (8), 


»'i = 




Fsin a.r 
2/7rl h{a) a 

iVcos aa sin yaa(.r— a)-f sin aa cos /y«(ar — 

2/77 J F(a) a 


oxor the ])ath (Q) of fi^. 2. 
Therefore 


^1= n ' i d* 
crfJi\o — a) -ha 



«in a,„r c~ 
F'(a;,) a„ 


1^2= ro 


— a) a 
<r/x(/^--a ) -h a 


^ o- cos a„a sin /[/.«,/ A’ — (t) 4 ^ 

4 2ro2. -- , 

1 


sina;/icosyaa,.( 






the summation being taken over the positive roots of (9). 
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6. It remains to discuss the roots of the equation 
F(«) = <7 COS art sin /ia(i — rt) -f sin art cos /Aa(/> — -a) = 0. 

F rom the graphs of 

y = a cot art 

and y ®= — cot /xa(/> — d) 

it is clefir that there are infinite number of real roots, and 
the pt)sition of the same can be th'terinined. 

Also F(a) is an odd function of a. and the real roots may 
bo dcnolcd by 

0, ±ai, ±«2> ‘ • 

By examining F'(a), it will be seen that these roots are 
not repeated. 

Also it is clear that F(a) has no pure imaginary root. 
We have now to show that it has no roots of the form f + iV 
Coiibidor the functions Uj, defined as follows: — 


Ui = sin oLXj 0 < . 1 - < rt 

sin yaixfA— .r) . - . i 

[' 2 = . .sin art, a^x<lK 

sin/.ta(A~rt) ’ 

mIuto a i.s a root of F(a)=0, 

il.ul <7=K,/Kj,;ct, 

Them wo have 

= 0<.r<a: . 

+fiVUoT=0, 0<4;</;. 


Also 


^ 1 = 0 , y/htni r= 0 . . . 

U. = U, -j 

„ f/lJ, „ (/U, y wLen ,r=a. 


And 


1)0 = 0 , when .r = />. 


Lot ^ bo at.otlior root of F(a) = 0, and V,, V. tlio 
spondiiig I unctions. 


• 0 ) 
• ( 2 ) 

• (3) 

• (0 

• (5) 
corre- 
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Tlien WG have, from (1) and (2), 

r l,%V,rf.r+ -i- f *(VsU,"- UjV„''>/^=0, 

^ Ju 

and 

Jo ^’o 

Therefore 

('«*-/3“) r i'“ * v^y,dx] 

L^Jo * 

= r“cU,V,''-V,U, ")</•'•+ ^ r(U,V./'-V.,U,")</a' 

.!o 

= [l-,v,'-v,u,'];4-;5;[u,vv-v.u.'X. 

It follows from (3), (4), and (5), tliat 

r i “ UiVidx+'* U*V,</a^1 = 0 . 

Tims F(a) = (> cannot Itave imaginary root>s of the form 

? t"y- 
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.1. A. POLLOCK. 


A NOTK ON A RELATION BETWEEN THR THERMAL 
OONDUOTIVITY and the VISCOSITY OP GASES. 

By J. A. Pollock, p.r.s. 

[Read h^ore the Royal Society of N. S, Wales, September 3, 1919,~} 


In areceDt number of the Proceed ing8;of the Royal Society 
of London, Hercus and Laby' publish the details of an 
accurate redetormination of the thermal conductivity of 
air. Oombiriing their result with those of eleven other 
experimenters, they give as the most probable value of the 
conductivity at O'* O., k = 5*22 x 

In 1913 Eucken^ gave the results of a series of measure- 
ments of the thermal conductivities of a number of gases 
relative to that of air, the determinations being reduced to 
absolute measure by considering the conductivity of air 
as 5*66 X 10*“^ As shown by Hercus and Laby, the new 
determination of this latter constant is at once useful, as 
it enables Eucken's absolute values to be put on a more 
accurate basis. 


After reviewing the whole evidence, Hercus and Laby 
have collected for the various gases the most probable 
values of the following constants: — fc, the thermal conduc- 
tivity, Cp, the specific heat at constant pressure, y, the 
ratio of the specific heats, and % the viscosity, and with 
these results have calculated the values of f given by the 


equation. 


f _ yko 


Vo Op 


( 1 ) 


As the value of f depends on the atomicity of tlie mole* 
cule, attempts have been made to And a relation between 
f and y. Jeans* has suggested the formula, f — {9y-5)/i. 


‘ Herous and Laby, Proc. Eoy. Soo., A, 96, p. 190, 1919. 

* ISucken, Phys. Zeit., 14, p. 824, 1918. 

* Jeans, The Dynamical Theory of Oases, 2nd ed., p. 817, 1916. 
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The values calculated by this equation agree very well 
with tlie values obtained from equation (1) if Eucken’s 
original results for the conductivities are used. When, 
liowever, the conductivity of air is taken as 5*22 x 10“*^ 
instead of 5*66 x 10^®, the expression is no longer accurate, 
and Hercus and Laby suggest, on empirical grounds, another 
linear form, 

f = 2-816 y - 2*2 (2) 

which gives numbers closely agreeing, in the majority of 
cases, with the results they obtain from equation (1). 

I had previously mentioned* that the values of /*, calcu- 
lated by equation (1) with Eucken’s original numbers for 
the conductivities, are approximately represented by an 
equation of the form, /* = u (y- l)/y, where a is a constant. 
I have now found a value of a appropriate to the new values 
of f, and the expression becomes 

f = (3) 

y 

In Table I the values of f obtained from equations (2) 
and (3) are compared with those given by the defining 
equation (1). An inspection of the differences, 1 — 2 and 
1 —3 in the fifth and sixth columns of the table, shows, that 
although the differences 1 — 3 are on the whole smaller, 
there is little to choose between the two expressions, but 
equation (3) has an advantage in that it indicates for per- 
fect gases a simple approximate relation between the 
conductivity and the viscosity which may be put in the 
form == 2a 

Vo 

where m Is the molecular mass and a the constant of equa- 
tion (3). How this relation fares in the case of actual 
gases may be seen by an inspection of the calculated values 
of 2a given in the last column of the table, 

‘ Pollock. Jour, and Proc., Roy Soc. N.8. W., xlix, p. 240. 1915. I now 
learn that Hercus and Eiaby*8 paper was set down to be read before the 
meeting of the British Association in Australia in 10 H, but owing to 
pressure of other business was not reached. The paper wns. therefore, 
completed for publication before my previous note was written* 
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Table 1. 



/ 

/ (empirical ) 

Differences. 


Gas. 

yfcn 

2-8l6y-2'2 

016 (yl) 



myk^ 




y 



Vo 


1 

2 

3 

1-2 

1-8 


He 

2-31 

2*49 

2-46 

-•18 

-•15 

11*6 

A 

2-47 

2-49 

2-46 

- *02 

+ •01 

12*2 

No 

... 

2-42 

2-40 

... 


120 

H, 

1-7G 

1-74 

1-75 

+ •02 

+ •01 

11*9 

N, 

1-76 

1*75 

1 76 

+ -01 

•00 

12*1 

O, 

1*79 

1-75 

l-7(; 

+ 04 

+ *03 

12-5 

Air 

1-76 

1*75 

1-76 

+ *0l 

*00 

12-3 

NO 

1-73 

1*73 

1*75 

•00 

-•02 

11-9 

CO 

1-72 

1*76 

1-77 

- *04 

- *05 

11-8 

01, 

1*50 

1*58 

1-56 

-•08 

1 - *06 

12-8 

CO, 

1-46 

1-40 

1-42 

-•01 

+ •03 

130 

N,0 

1*47 

1-51 

1*48 

-•04 

- *01 

14'2 

H,8 , 

1*34 

1*51 

1*48 

-•17 

- *14 

10-9 

SO, 

‘ 1-36 

1*34 

1*26 

+ •01 

+ *09 

120 

cs. 

1-25 

1*29 

M8 

-•04 

- +*07 

16-2 

NH, 

1-23 

1*48 

1*44 1 

- •2b 

-•21 

11*0. 

0,H, 


1-35 

1-27 

. . . 

... 

14*1 

CH. 

1-45 

1-51 

1*48 

-*06 

-•03 

13*7 

0,H. 

1-27 

1-32 

1-23 

-•05 

+ •04 

14-3 

C.H. 

... 

1-24 

1*11 

... 

1 ... 

16*8 


In Table II. I give the values of m 

Table II. 



mfco 




Gas. 



Oas. 



Vo 



Vo 

He 

6*95 


~co. 

10*02 

A 

7-31 


N,0 

10*78 

Ne 

7*29 


H,S 

8*28 




SO, 

9*57 

H, 

8*52 


cs. 

12-25 

N, 

8*60 1 




0, 

8-89 


NH, 

8-44 

Air 

8*74 


C.H, 

11-19 

NO 

8*52 


CH. 

10*44 

CO 

8*43 


O.H, 

11-44 

Cl. 

9-55 


C.H. 

13-79 
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In Table III the values of the conslauts are given wliicli 
have been used in the calculation of the results shown in 
Tables I and II. These values have been copied from 
Ilercus and Laby’s paper with the exception of a few 
additional entries which have been made from sources 
mentioned in the footnotes. 

Table III. 


Gas. 

m 


10* 1 

Cp 


y 


Vn X 10* 

He 

4 

32-7 

2(«) 

1-255 

2 

1*667 

(M 

1-883 

5 

A 

40 

3*85 

2 1 

0*123 

1 

1-667 

1 

2*108 

3 

Ne 

20 

10-87 

(«) i 

... 


1-642 

(/) 

2-981 

(«) 

H, 

2 

36-3 

9 i 

3-407 

5 

1-399 

4 

0*852 

12 

N, 

28 

5-14 

3 i 

0-241 

4 

1-401 

3 

1-673 

5 

0, 

32 

5-35 

4 ! 

0 218 

4 

1-401 

4 

1-925 

6 

Air 

29 

5*22 

14 ; 

0 239 

7 

1-402 

18 

1-733 

31 

NO 

30 

4-93 

2 1 

0-231 

1 

1*397 

1 

1*737 

2 

CO 

28 

5-05 

3 1 

0-246 

2 

1-405 

2 

1 677 

3 

Cl, 

71 

1-69 

1 I 

0-120 

<; 

1-341 

3 

1*256 

2 

CO, 

44 

3-25 

I 

10 i 

o 

o 

6 

1-300 

13 

1-428 

12 

N,0 

44 

3-34 

3 i 

0-220 

2 

1-317 

2 

1-364 

3 


34 

2-81 

1 I 

0 2389 

3 

1-317 

3 

M54 

1 

SO, 

04 

1-80 

1 1 

0-1527 

2 

1-258 

3 

1-204 

‘) 

OS 

76 

1-49 1 

((0 ; 

1 

0160 (/) 

1-239 

if) 

0-924 

i'i) 

NH, 

17 

4-71 

3 . 

0-531 

2 

1 -306 

3 1 

0*949 

:i 

C,H, 

26 

4 06 (<7) ! 

. . . 


1-2G(/) 

0 943 

(.7) 

CU. 

16 

6-76 

3 1 

0-592 

2 

1-316 

3 

1-036 

2 

0,H. 

28 

3-84 

3 i 

0-404 

2 

1-250 

4 

0-940 

4 

0,H. 

30 

3-93 (d) ! 

i 

... 


1-22 (f) 

0-855 

(U) 

1 


“(o) Tlie number given after each constant is the number of 
values of which it is the moan, {b) The theoretical value is used 
in preference to the one observed value 1-63 of Behn and Geiger.” 
(c) Weber, see Sci. Abs. 313, 1919. ((/) Eucken, /oc. ciL (c) 

Rankine, Phil. Mag. 21, p. 45, 1911. (/) Kaye and Laby’s 

Tables, 2ud cd. All other values from Ilercus and Laby, loc. cU. 
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SOME DBTfiJRMINATIONS OP THK HEAT OONDUO- 
TIVITY OP SELENIUM. 

Edna D. Saycb, B.8r.. 

Dfinionstrnlor in Phy»ie8 at Out UnwtrMy of Sydney. 

(Ooruniunicated by Professor O. U. Vonwim.kr.) 

[Read brfnre tht Royal Soeiely of N.8. Walet, October 3, IS/?.] 

It iH well known that the electrical conductivity of 
selenium can be varied over a wide range by suitable alter- 
ations in tlie method of preparation, or in the temperature 
and degree of iilumination at the time of testing. If these 
changes are due to variations in tlie number of free elec- 
trons present in the substance, we shouid expect to And 
corresponding changes in tho thermal conductivity under 
similar conditions. 

Some investigations on this point have been made by 
Bellati and Lussana,^ and by L. P. Sieg.* In both cases 
attention was concentrated mainly on the effect of illumin- 
ation, and only relative measurements were made. In the 
work which is to be described here, the influence of the 
method of preparation, the age of the specimen, and the 
temperature of testing Iiave been investigated, all measure- 
ments being made with the selenium in darkness. 

The results obtained are such as might be expected from 
a consideration of the values of the electrical conductivity 
obtained by observers working with selenium cells. It is 
found that the thermal conductivity varies over a wide 
range, being affected by those conditions which influence 
the electrical conductivity. In all the cases which have 
been examined, both thermal and electrical conductivities 

• Ga*z. Chim, Ital., 17, 301. • Phy*. p. 213, 1015, 
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are changed in aniinilar manner, but the relative alteration 
produced in the former is, in general, smaller than that 
brought about in the latter property by the same cause. 

Although the values of the couductivity have been 
obtained throughout in absolute units, very little weight 
should be attached to the actual figures given for the 
crystalline form. For it appears probable that in any pre- 
paration of crystalline selenium, spontaneous changes lake 
place for a long time after preparation, and, in addition, 
the slight alteration of temperature which is necessary 
before any measurement can be made, is able, under certain 
conditions, to produce a considerable change in the con- 
ductivity. 

The results may be summarized briefly as follows: — 

(1) The thermal conductivity of vitreous selenium at 
23"* 0. was found to lie between 0*000293 and 0*000328. 

(2) Tlie conductivity of crystalline selenium at 25” O. 
varied from 0*00070 to 0*00183. In general the conduct! vity 
increased with the temperature of preparation, but 
diminished with age. 

(3) In all the cases examined, the temperature coefficient 
was positive. 

Method of Investigation. 

The method used was that described by 0. H. Lees. ' The 
selenium was tested in the form of a disc 6*5 cm. in 
diameter^ and of the order of 0*5 cm. in thickness. All 
temperatures were measured by means of copper-eureka 
thermo-couples which were carefully calibrated at the 
commencement of the work. A year later other similar 
tiiermo-couples were substituted, and new calibration 
readings taken. The series method .of measuring thermo- 
electromotive-forces employed by Lees was not used. Each 


‘ Phil. Trane., A, XS98, p. 899. 
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aos 

e.m.f. was measured independently by means of a Wolff 
potentiometer, and the temperature calculated from tables 
prepared from the calibration readings. The only other 
alteration in the method was the substitution of a Weston 
milliamrneter and voltmeter for the wattmeter which Lees 
used to measure the rate at wliieii heat was supplied. 

The discs were first prej)are(l in the vitreous^ form by 
pouring molten selenium into a hot iron mould. These were 
transformed to the crystalline state by heating in an oil 
oven to some chosen temperature. They were then ground 
with fine emery and polished. 

On account of the contraction which takes place when 
changing from the vitreous to the crystalline form, some 
difficulty was experienced owing to discs cracking during 
heating. This was overcome by performing all operations 
very slowly. The vitreous discs were gradually cooled 
from the molten state, and the oven was so regulated that 
the required temperature was only reached after seven 
hours continuous heating. This temperature was main- 
tained for one hour, and the disc was allowed to cool slowly 
in the oven. By this means crystalline discs were prepared 
at temperatures which range from 160“ 0. to 214“ 0. Some 
specimens were also tested in the vitreous form. 

If tlie bath iu which the discs were tested were heated 
by a suitable current in the bath heating coil, the conduc- 
tivity could be measured at any temperature higher than 
that of the room. An upper limit is, however, placed on 
the temperature of testing by the fact that selenium is so 
readily changed by heating oven to comparatively low 
temperatures. Thus the available range was only about 
25“ 0. to 55“ 0. In order to obtain sufficiently steady tem- 
perature conditions, it was found necessary to keep the 
current in the heating coil constant for approximately six 

* A. P. Sttundors, Jour. Phye. Chetu., Vol. iv, p. 423, lUOO. 
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hours before any reading could be taken. When this steady 
temperature was reached, two sets of readings were taken, 
separated by an interval of half an hour. Thus in Table 1 
we have, at every temperature, two values of the conduc- 
tivity, each of these being calculated from the mean of a 
number of readings. 

Table 1 also shows the general ortlei* adopted for any disc. 
The conductivity was measured first at room temperature, 
tlieu at several higher temperatures, and finally the read- 
ings at room temperature were repeated. In most cases 
this procedure has been repeated at intervals which extend 
up to one year from the date of preparation. 

Sources of Error. 

The errors involved were necessarily large. They natur- 
ally fall into two divisions, those due to the imperfections 
of apparatus and method, and tliose due to such changes 
in the selenium as were beyond control. 

With the instruments used, the errors of the first class 
should not have exceeded 1%, these probably being small 
in comparison with the errors of the second class. 

t 

The latter appear to be due chiefly to heating offects, and 
are most marked in the case of newly prepared crystalline 
discs. Two types of irregularity were of freiiuent occur- 
rence : — 

(i.) In many cases the first reading taken for any 
crystalline disc at a temperature above that of the room 
was abnormally iiigh. 

(ii.) The conductivity at room temperature was almost 
invariably increased after the measurements at higher 
temperatures had been made, but the actual increase thus 
produced varied greatly, even in the case of discs which 
had apparently been treated in exactly the same manner. 

Results. 

Eleven discs have been prepared, five vitreous and six 
crystalline, the nature of the results obtained being illus- 
trated in Tables 1, 11 and V. 
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Table I . — Conductivity of Vitrconn Selenium. 
Dine 2, prepared on 21 Augusl, 1916. 
Tliickness of disc = 0'7r)2.S c.ni. 


B'sd- Temperature 

iiiR. j ol aieo. 

(i) 22 Aur., 1916 23-80 O. 

(ii) 23-92 

(iii) 23 Aur., 1916 33-69 

(iv) 35-91 
(V) 24Aur., 1916 40-92 

(vi) 41-21 

(vii) 25 Aug., 1916 24-17 

(viii) 24-46 

(ix) 28 Aug., 1916 57-15 

(x) 67-48 

(xi) 29 Aug., 1916 25-14 

(xii) 26-17 

Table I, which shows one complete set of measurements 
for the vitreous disc 2, indicates the typical increase in 
conductivity which accompanies increase in the tempera- 
ture of testing. Tliis feature is common to both vitreous 
and crystalline preparations, as is shown in Table II. 

Table TI .— Conductivity of Crystalline Selenium. 
Disc 0, prepared at 180' C. on 15 Juiu!, 1916. 

Thteknesa of disc 0-5774 cm. 


Teiit|> -raiiirf 

HcJlt BUpplitxl 

Thermal 

(rradiprib 
acroHS disc. 

(culoriCM per set* ) 

Coiiduotivity. 

5-39 

0*1721 

0000324 

5*46 

0*1724 

0 000319 

4-93 

0*1651 

0*000345 

4-98 

0*1650 

0*000342 

4-80 

01 655 

0*000358 

4-79 

01655 

1 0*000359 

5*03 

0*1638 

j 0*000333 

5*05 

0*1638 

' 0*000332 

4-49 j 

0*1676 ! 

0*000385 

4-45 i 

0*1676 

0*000389 

6*03 

0*1638 ! 

0*000337 

6*00 

0*1638 i 

0000339 



Date. 

Temperature 
of clmc. 

Thermal 

Conductivity 

ICleotrioal 
Couductivity 
( in arbitrary imitH) 


19 July, 1916 

26*90 0. 

0*00150 

1*65 


20 July, 1916 

35*69 

0-00152 

3*76 

I. 

21 July, 1916 

46*01 

0*00168 

4*63 

24 July, 1916 

26*37 

0*00151 

... 


26 July, 1916 

52*61 

0-00159 

4*56 


26 July, 1916 

27*05 

0*00152 

1-58 


16 Sept., 1916 

32-44 

0-00104 

0*94 

11. 

18 Sept., 1916 

41-10 

0 00109 

1*60 

19 Sept., 1916 

52-69 

0-00116 

2*43 


20 Sept., 1916 

32-41 

0-00104 

0*96 


3 July, 1917 

28*48 

“ 0*00099 

« • * 

ni. 

4 July, 1917 

56*46 

0.00134 

. . . 

5 July, 1917 

27*19 

0*00111 

. . . 


6 July, 1917 

27*16 

0*00110 

... 
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The relation between the temperature of measurement 
and the conductivity was found to be approximately linear. 
If we express the conductivity (K) at any temperature t by 
the equation 

Kt = K2,[i + (t -25)a] 

where Xas is the conductivity of that specimen at 25“ O., 
the values of a range from 0*006 to 0*009 for the vitreous 
discs examined. B^or crystalline selenium n varied from 
0*003 to 0*010, the upper limit being generally approache<l 
in the case of older discs. 

In Table IT are shown life summarized results for the 
crystalline disc O, illustrating the decrease in conductivity 
with the age of tlie specimen. 

The values of the conductivity at 25“ O. of all the vitreous 
discs prepared are collected in Table III. In the first three 
cases no special precautions were taken to remove impuri- 
ties, but the fourth and fifth discs were prepared from 
highly purified selenium/ 

Table Til. — 7'hermal Conductivity of Vitreous Selenium, 


Disc. 

AjfO of Disc;. 

Aw 

1 

7 ye^rs 

0-000.328 

2 

5 days 

0-000325 

2 (ro tested) 

1 year 

0-000329 

3 

10 days 

0-000293 

3 (retested) 

1 year 

0-000300 

4 

10 days 

0-000327 

5 

2 days 

0000312 


These results suggest that the conductivity of vitreous 
selenium is independent of the age of the disc, and is not 
greatly affected by the presence of impurities. The varia- 
tions which occur are possibly due to the existence of small 
traces of crystalline selenium in the vitreous discs. 


* Prepared by R, ThrefaU, Proc. Roy, Soc. A. Vol. 07, p. 167, 1007. 
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The values of K 25 obtained for eryatalline selenium are 
given in Table IV. 

Tabln TV. — Thermal Conductivity of Crystalline Seleninm, 


" 

Tciup. 


I. 


II. 

III. 1 

Disc. 

of 







tion. 

Affo. 


Age. 

i 

Age. 


A 

160”C. 

Dn3’H. 

11 

000110 

DftJH. 

164 

1 

! 0*00081 

Year. 

1 

0*00070 

11 

170 

16 

! 0*00157 

134 

0*00130 

1 

000097 

n 

180 

38 

. 0*00149 

95 

00099 

1 

0 00097 

1) 

102 

28 

' 0 001 61 

148 

0*00111 

1 

0*00120 

E 

200 

9 

i 0 00 168 

156 

0 00120 

1 

0*00110 

F 

' 214 

42 

! 0 00183 

... 

... 

1 

0*00139 


Two general tendencies are apparent, firstly the decrease 
in conductivity witli the age of the disc, and secondly the 
increase in conductivity which accompanies an increase in 
the temperature of preparation. Departures from these 
general principles will be noted in the case of discs B and 
D (III). In preparation the former was heated for a longer 
period than any of the other discs, and, by accident, the 
bath was kept at a temperature of 5T O. for twenty-four 
hours shortly before tlie readings for 0(111) were taken. 
This appears to have produced some permanent change in 
the substance, for when measured six weeks later the 
value of K 26 for disc D was found to be O’OOllO. 

Table V has been included in order to illustrate what has 
previously been said with respect to the accuracy of the 
work. This disc, though apparently treated in exactly the 
same manner as the others, fails to give a linear relation 
between conductivity and temperature. The increase in 
the conductivity at room temperature is also very much 
larger than in the normal case shown in Table II. 

The existence of such irregularities renders the numerical 
values of the conductivity unreliable, but there appears to 
be definite evidence that the thermal conductivity is 
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affected by factors which influence the electrical conduc- 
tivity, in the manner stated at the beginning of this paper. 
Tahln V . — Thermal Co'iiductivity of Crystalline iSelmium. 
Disc D, prepared at 192" C. on 14 June, 191 G, 
Thickness of disc -= 0*67 t9 c.in. 


Date. 

ToMiporaturo 
of cliHC 

Thermal 
Coniluotivit J . 

6 J uly, 1 i) 1 6 

26-()4 C. 

0*00 IG2 

7. July, I'JU) 

34-22 

0 001 G9 

lOJul}', l!)l() 

! 41-2(5 

0*00168 

12 July, 191G 

i 27-11 

0*00165 

13 July, 191G ! 51*99 

000175 

18 July, 191(5 

1 2577 

0001 73 


While the discs were in position for the thermal deter- 
minations, a few measurements of the electrical conduc- 
tivity were made, typical figures being shown in Table 11. 
The results may be summarised thus : — 

(i) The temperature coefficient of the ejectrical conduc- 

tivity is positive. 

(ii) The conductivity of crystalline selenium is much 
greater than that of the vitreous form ; it increases 
with the temperature of preparation, but decreases 
with the age of the disc. 

(iii) In many cases irregularities in the value of the 
thermal conductivity are accompanied by correspond- 
ing, but more marked, variations in electrical con- 
ductivity. 

These results indicate a close, though probably complex, 
relationship between the thermal and electrical conduc- 
tivities, and are such as might be expected if the variations 
in the latter were due to changes in the number of free 
electrons present in the substance. 

In conclusion, I wish to express my indebtedness to Pro- 
fessor O. U. Vonwiller, under whose direction this work 
was done, and to Mr, J. J. Forster n.So,, for his assistance 
in taking the early measurements. 
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NOTES ON TiiK ELASTIC PKOPEirnES oio SELENIUM. 
13y O. U. VoNNVILLKR, H.Si*. 


I Head hcj'oie the Itoyal Society of N S. Wales, October 1, } 

In 1016 tlie writer performed some experiments primarily 
with the object of determining elastic constantsof selenium. 
The investigation was not carried far l)efore it had to be 
given up, mainly on ac(!Ount of laerk of time, but some 
(pialitative results were obtained which appear to be of 
suHicient interest to be recorded; among these is a light 
effect not noticed before. 

Tliin threads of vitreous seleniiun were prepared by 
dipping the end of a glass rod into molten Bolenium and 
withdrawing it fairly rapidly. It was found that, unless 
the temperature of the liquid were too high — in which case 
threads <;ould not be drawn on account of the great Iluidity 
of the substance — long threads were produced without 
dillleulty; these in variably contained numerous inequalities 
in thickness, but usually it was possible to obtain several 
pieces 10 centimetres or more in length, of fairly uniform 
section, the diameter being generally about O’O I centimetre. 
Th(‘se threads seouHMl to consist wholly of vitreous selenium 
no trace of the crystalline modiiication being visible. 

In endeavouring to determine Young’s modulus, methods 
of bending were llrst used; in some cases a thread was 
supported near its ends and loaded in the middle by means 
of bent pieces of thin wire placed on a light wire hook 
hanging at the central point, while in others one end of the 
thread was held between a pair of rnctal jaws lined with 
paper to prevent crushing, and loaded by a metal rider 
placed near the free end, the depression, on loading, of the 
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centre or end of the thread being raeasiircd with the aid of 
a microscope mounted on a vertical screw. 

It was found that the behaviom’ of the selenium resembled 
that of such substances as pitch and sealing-wax, the 
application of a load resulting in an immediate depression, 
which increased continuously as long as the load was 
applied; upon removal of the load there was an immediate 
partial recovery and a furtlier gradual rise lasting for a 
time, de|>endingon the magnitude and duration of the load, 
the total recovery, never e<(ualling the total depression. 
Gradual and continuous bending took place without any 
load other than the weight of tim thread itself. 

Observations made at various times for a week on one 
thread, showed that the magnitude of the viscosity elTect, 
that is the continuous movement under the application of 
a steady load, depended on the illumination. This thread 
was 9*5 cm. long, about 0*04 cm. in diameter, and was 
supported 4 Dn two brass cylinders 0*7 cm. in diameter, 
placed 8*5 cm. apart, no external load being applied. It 
was noticed that, while the fall of the central point was 
continuous, the rate of movement was much less in the 
night than during the day when the selenium was illumin- 
ated by diffused daylight. That this elTect was not due 
directly to temperature changes alone, was shown by 
darkening the room during the daytime when the rate of 
fall was found to decrease. At the end of the week the 
rate of fall was practically the same as at the beginning 
under like conditions; in this time the originally straight 
thread had been bent to form an arc, the central point of 
which was 0*9 cm. below the straight line joining the ends. 

Experiments with several other pieces of selenium gave 
similar results ; below are given some of the readings 
obtained in the case of a short thread of average diameter 
0*041 cm., one end of which was, fixed while a rider of mass 
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0*06 gm. was applied near the free end, the distance between 
rider and support being 5*3 ctu. In one trial the depress- 
ions of the free end observed at various times after the 
first application of tlio load were : 

Time. Depression. 

40 seconds* 0*1287 cm. 


80 „ 0*1330 „ 

190 „ 0*1377 „ 

495 „ 0*1460 „ 

while when the load was removed after being appiied for 

9 minutes, the recovery was as follows : 

Time. Recovery. 

40 seconds 0*1176 cm. 


120 „ 0*1286 „ 

180 „ 0*1322 „ 

315 „ 0*1384 „ 


The eifect of light upon the continuous fall is shown in 
1'able I, where readings are given for several days during 
the whole of which tlie load was applied. 


When the load was finally removed after being applied 
for four days, the usual effects were observed, a rapid 
initial recovery being followed by a gradual rise, which in 
this case was still perceptible after 25 minutes. 


It is seen tliat the average fall per minute, given in the 
fourti) column, is invariably much greater for periods of 
illumination than for those of darkness. When the room 
was darkened after the selenium had been exposed to light, 
tlie rate of fall did not drop suddenly but decreased gradu- 
ally for several hours, as is seen clearly in the readings of 
10th April. A corresponding lag occurs in the increase in 
rate of fall when the selenium is illuminated after having 
been in the dark, but this change is established in a much 
shorter time than the other. It is very likely that the 
viscosity varies with temperature changes, but it is certain 
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that the changoE ia the rate of fall, due to illumination, in 
the cases examined, were much greater than those due to 
the small variations which took place in temperature. 

TkI.K; I. 


Date. 

iniH 

Timo. 

Iteadiiii^ 

KatM 

of Fall 

'Feuip 

April 


cm. 

10 ‘‘era. 

per raiu. 

' ® C, 

7tli 

, 4*30 |) m. 

2 9286 



21-4 




129 

Dark 


«8th 

9*10 am. 

2 7995 



21*2 


12 09 p.rn. 


471 

1 Light 


n 

2*7151 


21*2 




59 

j Dark 


10th 

9-.'10 a. ID. 

2*5534 



i :!0*7 


1108 a.ni. 


304 

* Light 


n 

2*5236 



21*2 


1‘09 p.tii. 


261 

j Light 


n 

2*4917 


21*0 




201 

I Dark 


n 

2*13 p.in. 

2*4788 



21*0 




145 

j Dark 



3*40 p rn. 

2*4622 


1 

1 

21*0 




98 

1 Dark 

1 

»» 

, 4*34 p.m. 

2*4609 



: 20*8 




62 

Dark 


llth 

9*45 a.m. 

2*3970 

i 


20*5 




167 

J.ight. 



10*03 a.m. 

2*3940 

1 

20*8 




225 

Light : 


1 

n 

1 1 * i 1 a.m. 

2*3787 



20*9 




261 1 

Light 



12*05 p.m. 

2*3616 



21*0 




163 : 

Dark 



1*10 p.m. 

, 2*3540 



21*1 




126 

Dark 


»» 

2*07 p.m. 

2*3468 

! 


21*0 

1 

1 



128 1 

Dark 


1 

3*33 p.m. 

; 2*3368 



21*2 


In the example recorded the intensity of illumination 
probably varied considerably at different times as diffused 
daylight was used, so that comparisons may not be made 
of the various results obtained in tlie light. At the time 
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these measurements were made a new electric light instal- 
lation was being erected in the Physical Laboratory, and 
it was not possible to secure satisfactory ‘artificial illumin- 
ation of constant intensity for any prolonged period. 

Some trials made with threads shortly after their pre- 
paration sliovved tliat the viscous movement was much 
greater tlian with older speeiimois; for example, a thread 
held at one end without any load was llrst examined 15 
minutes after being drawn; the free eiul was observed to 
fall as follows: 


in 10 minutes O’lOl cm. 


20 




30 

00 


ft 

ft 


•184 

•240 

•376 


ft 

f* 


A fortniglit later it was found that in hours the fall 
was only 0*058 cm. 


Owing to the viscosity effect it was not possible to obtain 
a satisfa(!tory value of Young’s modulus by bending methods 
but the readings obtained indicated that It was of the 
order of 3 X 10*^^ dynes per sq. cm. It seemed probable 
that more trustworthy results would be obtained by a 
method of direct extension, and an attempt was made with 
a thread of vitreous selenium about 22 cm. long and of 
average diameter 0*0130 cm., the upper end of which was 
held in a clamp while a light scale pan was attached by 
thin wires and sealing-wax to the lower end. By means 
of two microscopes the movements of two points, one near 
the upper and one near the lower end, were observed upon 
the application of a load. The movement of the upper 
point was always very small and was read with the aid of 
a scale in the eye-piece of the upper microscope while the 
lower inicroscopo was moved on a vertical screw. With 
the exception of a few millimetres at each end the whole 
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length of the thread could be shielded from light by a brass 
cylinder blackened on the inside. A narrow longitudinal 
slit and radial slits in the closed ends enabled the cylinder 
to be removed without disturbing the thread or its attach- 
ments, so that an exposure to light could be made when 
desired. 

Readings with loads of from 0 to 50 gm. showed tliat 
Hooke’s law was followed, and tliat with tlie load applied 
for several minutes tlie reading did nut change appreciably. 
A number of readings made with a load of 50 gin. altern- 
ately applied and removed, with the thread in darkness 
and exposed to light, gave a mean extension of 0*0143 cm. 
in a length of 20*7 cm., and any difierence on illumination 
was certainly less than the probable error of this extension, 
about 0*0003 cm. Tlie value of Young’s modulus calculated 
from these observations is 4*89 x 10‘® dynes per sq. cm., 
but it must be noted that only one thread was examined 
in this way so that no great weight should be attached to 
the numerical result. The mean temperature of these 
observations was 20”*8 C. 

When the load was allowed to remain for a prolonged 
period it was found that the extension gradually and con- 
tinuously increased, and observations made when a load of 
50 gm. was applied continuously for a week showed that 
the movement was more rapid when the selenium was 
illuminated tlian when it was in darkness. Although the 
rate of movement was very small and some uncertainty 
exists as to the coefficient of expansion of the material, 
the light effect was unmistakeable, and the ratio of move- 
ment in darkness to that in light seems to be of the same 
order as in the earlier experiments. The total Increase in 
length in the week was 0*06 cm. 

In order to ascertain whether crystalline selenium 
possessed similar mechanical properties, endeavours were 
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mado to produce threads of the substance in this form* 
Considerable difficulty was met, but a few satisfactory 
preparations were made by placing threads of vitreous 
selenium on a horizontal sheet of mica in a closed heating 
oven, the temperature of which was slowly raised to about 
180” O., the time occupied in the heating being about two 
hours. (Generally after the heating the thread was found 
to be broken into very short lengths, but several good 
pieces were obtained. Very great care was needed in 
handling these preparations as they are extremely fragile 
and threads were frequently broken before any satisfactory 
readings were obtained. 

As with the vitreous selenium, it was found that the 
application of a load to the end of a “beam” of crystalline 
selenium resulted in an immediate elastic depression 
followed by a gradual fall with continued application of 
the load; this gradual fall, however, in all cases was much 
smaller than with vitreous selenium under corresponding 
conditions. The viscosity effect is much greater shortly 
after removal of the thread from the heating oven, decreas- 
ing for several hours. A few observations were made with 
threads prepared at different temperatures, ranging from 
179'' O. to 197” 0., but it is impossible to say, from them, 
how the effects depend on the' temperature of preparation* 

With crystalline selenium light appears to have no 
influence on the immediate elastic depression due to load- 
ing and it has been impossible to detect any difference, due 
to change of illumination, in the rate of movement under 
continued application of a load* However, as the rate of 
movement was always very small and as the threads broke 
before a long series of readings could be made, the failure 
to detect a light effect on the viscosity of crystalline 
selenium must not be taken as conclusive evidence that it 
does not exist or eveli that it is very small* 
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Summary of Kaiults. 

Thin tlireads of vitreous selenium tested by rnetliods of 
bending and of direct extension, show ineelianical properties 
similar to those of viscous solids, such as pitcli and sealing- 
wax, the first application of a load causing an immediate 
elastic strain, while the continued application results in a 
continually increasing permanent deformation. 

Similar effects are observed with crystalline seleuiuni, 
but the viscosity effect is relatively very much smaller. 

In the case of preparations of vitreous selenium tlie 
viscosity effect, the gradual raov(‘ment under continued 
application of a load, is found to depend upon the illumin- 
ation, the rate of movement being greater when the 
selenium is exposed to light than when it is in tl)e dark; 
the response to change of illumination is not instantaneous, 
the rate decreasing for several hours, when a change is 
made from diffused daylight to darkness. 

No such light effect has been detected with preparations 
of crystalline selenium. The observations made on these 
are, however, less satisfactory than tliose on threads of 
vitreous selenium. 

With threads both of vitreous and of crystalline selenium 
the viscous movement is much greater shortly after pre- 
paration than a few hours later. 

A test by direct extension of a thread of vitreous selenium 
gives a value for Young’s modulus of 4'89 x dynes 
per sq. cm. at 20"’8 V. 
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VOLUME CHANGES IN THE PliOOESS OF SOLUTION. 

By Gkorgb Joseph Burrows, b.So. 

((Communicated by Prof. 0. K. Fawaitt.) 

[Reo.d before the Royal Society of X. 8. )Vales, August 6, 1919.^ 

A considerable amount of work has been recorded on the 
changes in volume which take place in the formation of 
solutioiiH. When a solid is dissolved in a liquid, or when 
two liquids are mixed, the volume of the resultant solution 
is found In most cases to differ from the sum of the original 
volumes of the constituents. We cannot state how far this 
is due to a change in the volume of the solute and how far 
to the solv(5nt. For tlie sake of convenience it is customary 
to assume that the volume of the solvent is unaltered 
by the process of solution, and to attribute any change 
in the volume of the system to the solute. In this way 
the volume of a solute in a solution may be determined. 

Thus if A represents tlio weight in grams of solute dis- 
solved in 100 grams of solvent, 
do = the density of the pure solvent, 
di = the density of the solution, 
and v» = the specific solution volume of the solute, 

= , + (,) 

or if </> = the molecular solution volume of the solute, 

then, </. = 9 - -2- (II) 

di do 

where g = the weight in grams of solvent containing the 
molecular weight (M) in grams of solute. 

By employing the above forinultc Tyer^ and Dawson* 
have shown that the speci&c (or molecular) solution volume 


* J.C.8., (1910) 97, 2620. 


• Ibid., 1896. 
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of a solute varies slightly in different solvents, the order of 
variation in most cases being the same as that of the com- 
pressibility of the solvent. In cases where the process of 
solution is accompanied by no change in the molecular 
complexity of both solute and solvent the specific solution 
volume is found to be practically independent of concen- 
tration. In aqueous or alcoholic solutions, however, it has 
been repeatedly shown that the specific volume of the 
solute varies with its concentration. The results recorded 
in the present paper were obtained chiefly from experi- 
ments with solutions in water or alcohol, or in mixtures 
of these solvents. All the reagents used in this investiga- 
tion were purified by suitable means, and their final purity 
determined by physical methods, c.^., density, melting point 
or boiling point. The solutions were all prepared by weigh- 
ing both solute and solvent. The density of the solvent or 
solution was determined by means of a pyknometer of 
capacity about 22 cc. Before adjusting the volume of the 
liquid in the pyknometer it was allowed to remain suspended 
for about an hour in a thermostat, tlie temperature of 
which was maintained constant to 0*05“ O. All weighings 
were reduced to vacuo. 

Aqueous Solutions. 

In the following tables, A represents the concentration 
of solute in grams per 100 grams of solvent, do the density 
of the pure solvent, di the density of tlic solution, the 
specific solution volume of the solute (Equation I), and «/> 
the molecular solution volume of the solute (Equation II). 
The temperature is stated in each case. 

Table I. 

Potassium chloride in water (d© = *997073). Temp. 25“ C. 

A dx t/> 

•1637 *998117 *361 26*92 

•4221 *999776 *368 26*71 
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Table I. — CotUinued. 


A 

dv 





1-1491 

1-004265 

•371 



27-65 

2-1030 

1-010137 

•373 



27-84 

6-2017 

1-028575 

•382 



28*48 

8-2830 

1-046080 

•389 



29-00 

11-6167 

1-064402 

•393 



29-35 

20-0902 

1-107517 

-105 



30-21 

26-7036 

1-138501 

•412 



30-72 


Table TT. 





Mercuric chloride in water. Temp. 25'' 

0 

A 

,h 




‘A 

-2981 

■999468 

•194 



52*74 

-3593 

•999983 

•188 



50-92 

•8301 

1-003829 

•183 



49-63 

1-8639 

1-012268 

•180 



48-84 

3 0954 

1-022273 

•180 



48-68 

3-9302 

1-029027 

•179 



48*64 

6-4144 

1-040988 

•179 



48*60 


Table ITT. 





Saccharamide in water. 

Temp. 

25" 

0. 


A 

di 





•09474 

•997521 

•527 




•38925 

•998861 

•540 





Table IV. 





Succinic acid in water. 

Temp. 

25*^ 

G. 


A 

dx 





0-9192 

•999803 

•702 



82-90 

2-3348 

1-003930 

•703 



82*95 

3-5646 

1-007314 

•706 



83-33 

3-8726 

1-008090 

•709 



83-69 


Table V. 





Succinamide in water. 

Temp, 

25" 

C. 


A 

dt 

Vn 




•1730 

■997450 

•783 



91-00 

•2229 

•997607 

•761 



88-46 

•3547 

•997892 

■770 



89-42 
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Table VI. 

Tricarballylainidft in water. Temp. 25" C. 


A 




•185.3 

•997611 

•710 

123*0 

•3235 

•99798 t 

•719 

124*5 

•4729 

•9984G2 

*706 

122*3 

•5916 

•998757 

•715 

124*0 

1*3564 

1 000989 

•710 

122 9 

1*9499 

1 002696 

•709 

122*8 

2*2798 

1-003G36 

*709 

122*8 


Tabic VII. 



Citrbatuido iti water. 

Temp, 25“ (J. 


A 

r/i 


‘/> 

2*6329 

1-003912 

•737 

44*27 

5*0184 

1-009800 

•738 

44*36 

7*3010 

1-015198 

*740 

44*47 

14-4848 

1 030884 

•743 

44*66 

3.3-0611 

1-064318 

*748 

44*96 

53*8893 

1-093286 

•751 

45*14 


Table VIII. 



Uarbaiiiidc in water. 

Temp, 30^* C. 


A 

r/i 


</> 

2*3290 

1*001575 

•744 

44*72 

9*0567 

1*017457 

•745 

44*76 

15*4282 

1-030922 

•747 

44-88 


Table JX. 



Acetamide in water. 

Temp. 30“ C. 


A 

<A 



4*5875 

•998254 

•945 

55*84 

7*5278 

•999892 

•944 

55*76 

10*1471 

1-001300 

•943 

55*72 

16*7179 

1-004690 

•942 

55-66 


The specific volume of liquid acetamide' at 30" C. is ’956. 
* Meldrum and Turner, J.C.S., 1908, 93, 876. 
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Propionamide iii water. IVuip. 30® 0. 

A di V, <f> 

1*8533 *990090 *981 71*72 

3*9972 *996593 *980 71*65 

Tl»e specific volume of li(piid pro[)ionamide ^ at 30" 0. is 1*000. 



Table 

XI. 


8u(‘rose in water. 

Temp. 30' 

A 

di 

f'A 

*2*709:*) 

1 *000078 

*619 

4*5190 

1*012373 

•021 

8*2459 

1*0*25524 

*021 


211*9 

212*6 

212*6 


The specific volume of liquid sucrose at 30" C. is *00 1.* 

Tt will be noticeil from the foregoing tables that the value 
of or of </j varies with the coiicenlratiou in nearly every 
case. The effect of concentration is most marked in the 
.ease of electrolytes ; thus in the case of potassium chloride 
the value of Va increases by 14 per cent, from A = *16, to 
A = 27. Hut even in the case of non electrolytes, such 
as carbamide, the specillc solution volume is not (constant 
hut increases with concentration. In the case of mercuric 
chloride and of acetamide, tlie solution volume decreases 
with concentration. 

The above results are similar to those obtained by various 
authors for other solutes in aqueous solution. In general 
it has been found that the solution volume increases with 
the concentration of the solute, the effect being most 
marked in the case of strong electrolytes. This variation 
of Va with A in the case of aqueous solutions (and of solutions 
in other solvents containing hydroxyl group) lias been 
attributed chiefly to two causes: 

(a) the formation of hydrates (or solvates) 

(b) in tlic case of electrolytes to tlio variation in the 
degree of dissociation of the solute. 

‘ Meldrum and Turner, » Schwera, J.C.S., 1911, 99, H78. 
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There is a considerable amount of evidence now available 
indicating the existence of solvates in solution. Further- 
more Tyer’- has shown that in certain cases e.fy., calcium 
chloride in ethyl alcohol, in which there is little doubt that 
the calcium chloride exists in solution as CaOla, dOjTT-.OH, 
increasing concentration is accompanied by a marked 
increase in the specific solution volume of tlic solute, due 
to a decrease in the degree of solvation with inen^asing 
concentration of solute. These results would indicate that 
the variation of ik with concentration observed in fupieous 
solutions even iti the case of non-electrolytes is dm* also, 
in part at least, to the formation of solvates. 

The solution volumes of many strong electrolytes in water 
have been determined by various authors, and their results 
sliow that the specific volume increases with concentration. 
In certain cases, e.f/., magnesium sulphate, if the value of 
A be sufflciently reduced Cg may even becrome negative,' 
indicating that the volume of the sclution is less than that 
of the water used. The effect of concentration varies con- 
siderably with dilfcrcMit electrolytes, being far more mark(‘d 
for instance in the case of sodium chloride than with niag- 
nesiuin sulphate. This decrease of t»s with dilution has 
been attributed to the effect of increasing dissociation of 
the solute. The observed decrease in Ch cannot be attri- 
buted entirely to a decrease in tlie actual specific volume 
of the solute. The fact that in certain cases a negative 
value is obtained for Vh indicates that in these cases the 
water is appreciably contracted in the process of solution. 
As Tyer has already pointed out, it is quite probable that 
jn aqueous solutions of electrolytes, the ions of the solute 
cause a condensation in the volume of the water molecules. 
But there is apparently no proportionality between the 
degree of dissociation of an electrolyte and its specific 
solution volume. 


» J.O.S., 1911, 99, 871. 
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In discussing the variation of the specific solution volume 
with concentration of solutes in aqueous or alcoholic solu- 
tions, one other factor has been constantly overlooked. The 
forinulaj (Equations I and II) from which the solution 
volume of a solute is calculated, must give rise to regular 
variations of Vh or </> with 4, in all cases where the volume 
of the solvent is altered by the process of solution. In the 
above equations, if the solvent contracts during the process 
of solution, this contraction is attributed wholly to the 
solute. Thus in the equation : 

100 + 4 _ 100 

t’K = dt (1) 

~A 

the term is taken to represent the volume of 100 grams 
do 

of water in all solutions, no matter what the concentration 
of the solute may be. These formula? are strictly applic- 
able only in the investigation of solutions of the same solute 
in dilTerent solvents. Thus if solutions of a certain solute 
in two dilTerent solvents bo prepared, and the solution 
volume of the solute in each be calculated, the relative 
values of Vh or may in these cases be taken to represent 
the relative volume changes in the system solute-solvent. 
Results obtained in this way alTord us information as to 
the relative order of volume changes produced by dissolving 
a certain solute in dilTerent solvents. But the formulae are 
not applicable to the study of the effect of different con- 
centrations of a solute in a particular solvent. It is quite 
illogical to assume that the volume of one constituent of a 
solution is unaltered over a wide range of concentrations 
and then to attempt to explain the variations in the volume 
of the other constituents, deduced by means of this assump- 
tion. Let us consider for example, two solutions of a 
certain solute in water, in both of which A is small, but in 
one case much greater than in the other. Furthermore, 
we will assume that the process of solution causes a coq- 
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traction in the vohirrie of the water, and also that altliough 
the actual volume of the latter in both erases is less than 
it is sensibly the same in both solutions. 

do 

In calculating the specific solution volumes of these solu- 
tions according to Equation T, it follows tliat in both cases 
Vh would be less than the actual volunie occupied by one 
gram of tlie solute in the solution, ami furthermore, the 
error so obtained would decrease with inciroasing values of 
A. Even in a cast^ where the actual specific volume of the 
solute was constant and independent of its eoncemtration, 
the values found for Vh would inenuLse with A. We cannot 
infer, therefore, that because tiui values of ik are found to 
vary in a dellnitc direction with concentration, the actual 
specifle volume of the solute varies in this direction, or 
indeed that there is any variation at all. This particular 
point can be well illustrated by considering a solution 
formed by mixing two Ihjuids, c.r/., formamide and water, 
in which the formamide is considered the solute and the 
wat(T tlui solvent. The formamide used in these experi- 
ments was purilied by the method of Kohler,^ by standing 
over anhydrous sodium sulphate from which it was distilled 
under reduced pressure. The density of the pure amidisat 
25'* 0. was 1’13126. The densities of the solutions were 
determined both at 20"^ C. and 25" O. and the specific solu- 
tion volume of the formamide in water calculated in the 
usual way. In addition, the contraction per cc. of the 
original volunuj was determined by subtracting the volume 
of the solution from the sum of the volumes of the con- 
stituents, and dividing this difference by the original 
volume of the constituents. Thus if x represents the 
volume of formamide, y the volume of water, and z the 
resulting volume of the solution, then the specifle contrac- 
tion Av is given by: 


f. Electrochorn., IG, 420. 
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A — + 1/) ^ 

(X + y) 

Table XII. — Formamide in water. 


Per cent 
oonc. of 
Form- 
ainidp. 


'remp. 20“ 

C. 

Temp. 26“ 

C. 

A 



Av 

d] 


A T 

0-73 

0-7332 

0-999321 

•8615 

•000212 

•998136 

•8.561 

•CHK1203 

1-70 

1-7261 

1-000868 

•8467 

•(K)0676 

•99956S 

•H659 

•oaM75 

410 

4-2770 

1-004646 

•8482 

•00131 

1 0031 15 

•85.56 

•00116 

14-73 

17-274 

1 •020458 

*8636 

•00406 

1-0184HS 

•8.598 

•00362 

*26 -70 

34*584 

1-086460 

•8680 

•00601 

1-08897 

•8637 

•00537 

37-11 

60-010 

1-05254 

•8625 

•00705 

1*04963 

•8676 

•0063 *2 

46* 62 

86-976 

1-06641 

•8660 

•007 22 

1 06-^26 

•8706 

•00665 

69-06 

144-229 

1-OS216 

•8702 

•00663 

1-07859 

•8716 

•00.594 

00 -so 

201-709 

... 



1-08874 

•8766 

•00.532 

75-91 

.316*099 

1-104.08 

•8753 

•00446 

lll’02() 

•8792 

•OOlOl 

88-27 

762-19 

1-11979 

1 -8786 

•0020{) 

1-11680 

•HS20 1 

•00191 

94-82 

1831*6 

1-12846 

•8799 

-000859 

j 1-12127 

•8833 1 

•00i>746 

97 --18 

.3863-1 

1-13204 

1 *8803 

•000394 

112788 

•8837 1 

•000347 

99-77 

42160-0 

1-1.3507 

•8807 


1*13090 

•8810 1 


100-00 


1-13062 

1 *8807 


1-1.3126 

•8840 ; 



Tt will be seen from the above table, that whereas the 
value of Ufl increases with concentration for solutions 
containing more than one per cent fonnarnide, the actual 
specific contraction of the system also increases up to 44 per 
cent, formamide and then decreases (Fig. 1). Between 
these concentrations therefore, the values of would lead 
to the inference that the specific volume of the system 
increased witli concentration, whereas the reverse is really 
the case. 

Similar conclusions can be drawn from results obtained 
by mixing ethyl alcohol with water, and considering the 
solution as one of alcohol in water. The results obtained 
in this case are given in the following table. 


Table XITI. 


Ethyl alcohol in 
Per cent, alcohol. A 

water. ' 

remp. 30" C. 

Ay 

0 

— 

— 

— 



25-44 

34*1123 

.95.')387 

1*1708 

*02602 

30*47 

43-8186 

•946672 

1*1754 

•02952 

36-62 

57-7890 

•934696 

1*1832 

•03231 

47*11 

89-0805 

•912305 

1*1992 

•0339 

58-89 

143-23*2 

•886436 

1*2167 

*03233 

100*00 

... 

» • • 

1*2808 

... 




Mn 
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Here the value of Vb increases regularly with concentra- 
tion, whilst the specific contraction also increases up to 
47*1 per cent, and then decreases. In these two cases the 
variation of Vb with A cannot be interpreted as indicating 
an increase in the specific volume of the system witli 
increasing concentration of the soIuUj. It follows, there- 
fore, tliat a comparison of with A is likely to lead to 
incorrect conclusions. Thus in the examples given above, 
since tlio specific volume of the solvent is considered con- 
stant throughout the series ( } ) and is found to 

clo 

increase with A one would naturally conclude that the 
specific volume of the system as a whole increased with 
concentration of the solute, whereas we know that up to a 
certain concentration in each case it decreases. 

There is no reason to doubt that the same is also true 
for solutions of solids in water. In the case of sucrose 
solutions at least, similar results have been obtained. Thus 
in Table XI, the values under are constant within the 
iimits of experimental error, and yet by measuring the 
actual contractions in the formation of aqueous sucrose 
solutions, Schwers' has shown that the specific volume of 
the system as a whole decreases with increasing concen- 
tration up to 70 per cent, sucrose. These results show 
that the application of Equations I or 11 in considering the 
effect of the concentration of the solute on its solution 
volume is apt to lead to erroneous conclusions. 

From an exhaustive study of the molecular solution 
volumes of homologous series, Traube^ found that certain 
values could be assigned to the solution volumes of the 
different atoms. The molecular volume ’’ is equal to the 
sum of the atomic volumes together with the molecular 

‘ J.C.S , 1011, 99, 1478. 

* Zeit. anorg. Chem. 1895, 8, 8S8 Ber., 1895, 28, 2728, 2024, Ber., 
1896, 29, 1028; Ber. 1897, 80, 265 
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co> volume” which represents theadJitioiial volume occupied 
by the molecule by virtue of its vibrations. The molecular 
solution volume ,Vm may therefore be expressed by 

where - n V» is the sum of the atomic volumes and /\ the 
molecular solution co-volumc, whicit Traube found to be 
approximately constant for all classes of compounds, the 
mean value at 15° O. being 12'i ccs. Thus the following 
values were obtained for atomic volumes at 15° 0.: — 0-9'9 
11 = 31, 0(011 of OOOH) --= O-l, 0(0H)= 2 3, 0(CO)= 5*5, 
N = 1-5, A = 12*4. 

In the following table the values under <l> are those 
determined experimentally (Tables IV — XII), and those 
under i,Vm are tiie values calculated from the atomic 
volumes at 15° O. (Traube). 

Table XIV. 




r 

8 ^ HI 

Formamicle (25“ 0.) HCONIIj 

38*9 

38*6 

Ace.Umide (30° C.) C11,C0N1I.^ 

55°B 

54*7 

Propionauiide (30° C ) C, H ,(JON M , 

71*7 

70*8 

Carbamide (25° C ) CO 

44*4 

43*2 

Succiuamide ^25'’ 0 ) (CHgCONHfl)a 

89'4 

90*8 

Succinic acid (2^ C ) (0HflC00H)2 

83*0 

82*4 

Trioarballylainide (25” C ) 

124*0 

12()*9 


The agreement between the experimental and calculated 
values is satisfactory; the difference between the values 
is no doubt due to the increase in value of A with tern* 
perature. 

Solntions in ethyl aloohol. 

The specific and molecular solution volumes of several 
amides in alcoliolic solution were determined at 30° O. The 
results obtained are given in the following table. 
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Table XV. 

Solvent — Ethyl alcohol {do = *780777). Temp. 30* 0. 


(a) Forraamide. 


A 

di 

Vg 

4> 

18464 

*785604 

00 

3814 

6- 1293 

•796280 

•849 

38-26 

18-58 1.6 

•823708 

•866 

.38-52 

(6) Acetamide. 

4-3441 

•789723 

•932 

56-07 

7 0327 

•794941 

•933 

56- 16 

9-6461 

•799847 

•934 

65-16 

(c) Propionamide. 

3*2024 

•786615 

•980 

71-62 

7-5389 

•793896 

•979 

71-56 

11*4767 

•799920 

•983 

71-86 

(d) Butyramido. 
2*6969 

•786056 

1015 

88-41 

5*9635 

•789912 

1018 

88-66 

(e) Capronaraide. 

2**2745 

•783658 

1-069 

123-10 

3*4050 

•786038 

1-069 

123-17 


The valiiee of t*. for any particular solute are fairly 
constant and independent of concentration. If we subtract 
the molecular volume of onb amide from the next higher 
homologiie in the series, the difference in volume corres- 
ponding to an addition of OHg to the molecule can be 
calculated. These results are given below. 


Table XVI. 


Amide. 


A(f> 

HCONH, 

38*3 

... 

OH.OONH, 

55*1 

16-8 

C,H,OONH, 

71-7 

16-6 

Cjn^CONH, 

88-5 

16-8 

C,H,CONH, 

••• 


C,H„CONH, 

1231 

2 X 17-3 
Mean 17-0 
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It will be noticed that A</> is approximately constant tip 
to butyramide, but between this member and the next 
there is a considerable increase in volume diflerence. This 
variation for higher members of an homologous series is 
common to most physical properties. 

Mixed Solvente. 

Determinations were also made of the solution volumes 
of different solutes in solvents prepared by mixing two 
liquids. Weighed quantities of the liquids were mixed and 
the density of the mixture determined with a pyknometiT 
in the usual way. A weighed quantity of the solute was 
then dissolved in a weighed quantity of tlie mixture, and 
the density of this solution determined, and the specific 
solution volume of the solute calculated in the usual way. 
In the following table are given the solution volumes of 
benzophenono in various solvents at 30“ O. 

Table XVil. 


S^olute —Benzophenone. 'l eiup. 30 C. 


(a) Solvent 

— Benzene (do --- 

•868327). 

A 

dt 


1*6067 

•871189 

•897 

4*2746 

*876398 

•893 

12*43*29 

*890517 

*892 

(d) Solvent - 

—Acetone (do ■= 

•781169). 

3*6851 

-790169 

•870 

7*6410 

•798813 

•872 

11*9768 

*808462 

*873 


(c) Solvent- Ethyl alcohol (f^o ~ *780897). 
7*7015 -798935 -870 

11*8189 *807776 *877 


{d) Solvent — Benzene- Acetone, Acetone ~ 50*727 (weight) 
(A, *= *822244. 

6*8368 *835038 *878 

12*9402 *848866 *883 

(«) Solvent — Alcohol- Acetone, Acetone 56*36% (weight) 
do - *781668. 

10*1467 *804867 -877 

J3-2029 *811265 *878 
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For the sake of comparison the speciflc volume of the 
pure solute in the liquid state was also determined. Benzo* 
phenone is solid at the ordinary temperature, having a 
melting point of 48°*5 O. If, however, liquid benzophcnono 
be allowed to cool without shaking, it is possible to keep 
it liquid for a considerable time below 30° 0. The volume 
of the liquid benzophenone was determined by carefully 
flllingaflve cc. pyknometer with the molten material, from 
which air had been removed as completely as possible l>y 
means of a suction pump, and then cooling carefully in the 
thermostat and adjusting the volume in the usual way. 
With a little care the liquid could be kept without crystal* 
ising till after tlie adjustment, and the volume accurately 
determined. One determination gave for the density of 
liquid benzophenone, dao = 1*10231 whence v = 0072. A 
duplicate experiment gave t* = *9070. 

It will be seen from Table XVII that the specific solu- 
tion volume is less in any of the solvents than the spccinc 
volume of the liquid solute, indicating that the process of 
solution is accompanied by contraction in each of these 
cases. The specific volume is greater in benzene than in 
either acetone or alcohol. This is in agreement with the 
results obtained by Tyrer (loc.cit.) for other solutes in tliese 
solvents. The values of for solutions in the benzene- 
acetone mixture are intermediate between the values 
obtained in the pure solvents. In the case of the acetone- 
alcohol solutions, the values of v» are almost identical with 
those for solutions in pure alcohol. In the preparation of 
both of these “mixed solvents” there is practically no 
change in volume. Thus in the preparation of the benzene- 
acetone mixture, 145*3022 cc. of benzene at 30° O. were 
mixed with 160*3833 cc. of acetone at 30° O., and the Onai 
volume was 311*5620 cc. at 30° O. The total contraction 
was only 0*2135 cc. which corresponds to a speciflc con* 
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traction per oc. of the original volume of A, = *000685 cc. 
Simiiarly foraoetone*aIcohoI, =*000842. These results 
point to the conclusion that in mixtures of organic liquids 
sucli as the above, in the preparation of which there is 
practically no change in volume, the specific solution 
volume of a solute lies between its values in the simple 
solvents. It will be seen from the following tables that 
this is not the case with solutions in water*aloohol mixtures. 
In Table XVIII are given the specific solution volumes of 
mercuric chloride in water, ethyl alcohol, and in a mixture 
of alcohol and water, at 30° O. 

Table XVIIl. 

Mercuric chloride. 

(a) In water (do *997062). 

A di V, 

2*1396 1*013096 *180 

3*6307 1*026072 *182 


{b) In ethyl aloohol (do » 

*780897). 

7*2830 

*830233 

*160 

13*2739 

*870108 

*160 

22*9652 

*933074 

*162 

(c) In water-alcohol (do » 

*941606). 

Alcohol — 

33*17 per cent, (weight). 

2*8876 

*963672 

*196 

6*1069 

*987969 

*196 

7*0298 

*994844 

*197 


The solvent used in this case was prepared by mixing 
88* 1129 cc. of water with 55*7538 cc. of alcohol. The 
resulting volume was 139*4110 oc., which corresponds to a 
contraction of 4*4557 cc. or *03097 oc. per oo. of the original 
volume. This contraction is about fifty times as great as 
that observed in the case of benzene-alcohol or benzene* 
Acetone, 



90 


O. J. BVBBOVS. 


It will be noticed in the preceding table that the value 
of v« is greater in the mixture than in either of the 
simple solvents. This was found to be the case with all 
solutes whose specific volumes were determined in water* 
alcohol mixtures, several examples are given in the follow* 
ing tables. The specific contraction A, observed in the 
preparation of the different mixtures used as solvents is 
stated in eacli case. The percentages of alcohol given 
are by weight. 

Table XIX. 

Solute — Carbamide Temp 26* 0. 

(a) In water (do - *997073. 


A 

d| 

V. 

2*6329 

1*003912 

•737 

5*0484 

1*009800 

•738 

7*3010 

1*016198 

•740 

14*4848 

1*030884 

•743 

(6) In ethyl alcohol {d^ » 

•786211). 

2*4796 

•794191 

*677 

2*8160 

*796421 

*678 

3*6211 

*797960 

*676 

6*4320 

•804659 

*679 

(c) In water-alcohol (24*44 per cent, alcohol). 

do “ 

*969878 A, - 

*0266 cc. 

3*3307 

•966917 

*766 

6*4367 

*973611 

•767 

11*8262 

*988369 

•768 

(/f) In water-alcohol (35*70 per cent, alcohol). 

do ■« 

•940129 A. > 

*0326 CO. 

1^9700 

*946462 

*764 

3*6168 

*949373 

*769 

6*8602 

*967711 

•760 

9*8484 

•964846 

*760 

13S561 

•973289 

•790 
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{$) In wateraicohol (44*17 per cent, alcohol). 
do * -922752 » *0345 cc. 


A 

dt 

V. 

3-3277 

-931880 

-764 

6-7110 

-940644 

-766 

9-8411 

-948376 

-767 

16-7980 

-962236 

-768 

(/) In water-alcohol (66-13 per cent, alcohol). 

do ** ' 

•872763 Av - -0306 co. 

2-7611 

-881119 

•741 

6-3467 

-888744 

•740 

6-4242 

-891689 

•743 

10-7088 

-903470 

•743 

(g) In water-alcohol (75*50 per cent, alcohol). 

do« 

•860261 A. =. -0268 00. 

3-6610 

-861364 

-734 

6-6643 

-867714 

-735 

6-9366 

-871478 

-734 

9-9906 

-880130 

•737 

If the values of v. in Table XIX be compared for the 
same concentration of solute, the variation of the specific 

solution volume with the composition of 

the solvent is 

more clearly shown 

. The values of v. 

for A = 6 are 

given below, together with the specific contraction observed 

in the preparation of each of the solvents. 



Table XX. 


Alcohol per cent, in solvent. At 


0 

• • • 

•739 

24-44 

-0266 

•767 

36-70 

-0326 

•769 

44-17 

-0346 

•766 

66-13 

-0308 

-742 

76-60 

-0298 

•786 

100-00 


•680 
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If the values of Vg be plotted against the composition of 
the solvent, a maximum value is found for a solution con- 
taining 32 per cent, alcohol (Fig. 2). Tlie maximum value 
of \ corresponds to about 44 per cent, alcohol. A similar 
•series of results was obtained for solutions of carbamide 
at 30” O. 


TaWe XXI. 

Solute — Oarbamide. Temp. 30” C. 


(a) In water (</o = ’995677). 


A 

rfi 


2-3290 

1-001675 

■744 

9-0667 

1-017467 

•745 

16-4282 

1-030922 

•747 

(b) In 

ethyl alcohol (do » 

•780777). 

2-3698 

-789391 

•677 

4-3264 

-796280 

•679 

(c) Tn water-alcohol (25*44 per cent, alcohol). 

do = 

-966387 A. = 

•0260 cc. 

4-0276 

•965613 

•760 

11-6191 

■983142 

•761 

(d) In water-alcohol (30*47 per cent, alcohol). 

do ^ 

•940672 A, 

•0296 cc. 

4*3638 

•987766 

•761 

9*3135 

1 

•969667 

•761 

(«) Tn water-alcohol (36*62 per cent, alcohol). 

do •= 

•934695 A. = 

•0323 cc. 

3-2901 

■943409 

•760 

6-4193 

•961311 

•760 

13-0706 

•966976 

•761 

(/) In water alcohol (47*11 percent, alcohol). 

do = 

•912306 Av = 

•0339 cc. 

4-6592 

•924928 

•762 

7-7660 

•933190 

•766 

(f) In water-alcohol (58*89 per cent, alcohol). 

do “ 

. -885436 A, - 

•0323 00. 

6-2383 

•900608 

•747 

13-2060 

•921661 

•749 
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If the values of v, be compared for the oonoentratlon 
A = i the results are seen to vary in the same manner as 
those in Table XX. 


Table XXII. 

Alcohol per cent, in solvent. A, 


0 

• • • 

*744 

25*44 

*0260 

•760 

30*47 

•0296 

*761 

36*62 

*0323 

*760 

47*11 

*0339 

*762 

58*89 

*0323 

*747 

100*00 

... 

*679 


Results obtained with other solutes are given in the 
following tables. 

Table XXIII. 

Solute — Formamide. Temp, SO* 0. 

(a) In ethyl alcohol (d© -■ *780777). 


A di Vt 

1*8464 *785604 *847 

6*1292 *796280 *849 

18*6816 *823708 *866 

(6) In water-alcohol (44 per cent, alcohol) do *918666, 
1*7433 *921389 *901 

3*2160 *923652 *900 

40609 *924849 *902 


The corresponding determinations in aqueous solutions at 
30° O. were not made since a complete series of values had 
already been obtained at both 20* and 25° 0. The values 
of v. for concentrations corresponding to the above are 
here given for these temperatures, and the values for 30° 
calculated by assuming that the difference In solution 
volume for 5’ 0. is the same between 30° and 25° as it is 
between 26° and 20° O. 


(c) In water. 


A 



fit 


20* 0. 

26*0. 

30*0. 

1*7261 

*847 

*866 

*866 

4*2770 

'848 

*866 

*866 

17*2736 

*884 

*860 

*866 
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The speoiflo volume of liquid formamide at 30° O. was 
found to be *88776, so that whereas the process of solution 
in either water or alcohol is accompanied by contraction, 
when dissolved in the mixture there is an increase in tlie 
volume of the system. 

Table XXIV. 

^ Holute — Acetamide. Temp. 30° O. 


(a) in water. 

A di Vt 


4-6875 

•9982.54 

•946 

7-5278 

•999892 

•944 

10-1471 

1-001300 

■943 

16-7179 

1-004690 

•942 


(6) In ethyl alcohol. 


4-3441 

•789723 

•932 

7-0327 

•794941 

•933 

9-6461 

•799847 

•934 

(<j) In waieralcohol (25*44 per cent, alcohol). 

6-3796 

•969944 

•949 

13-2647 

•966848 

•950 

{<!) In water-alcohol (36*62 per cent, alcohol). 

6-2768 

•939815 

•964 

10-9203 

•944726 

•984 

(e) In water-alcohol (47*11 percent, alcohol). 

4-6636 

•917524 

•953 

9-6681 

•923779 

•964 

16-2709 

•929080 

•955 

(/) In water-alcohol (58*89 per cent, alcohol). 

4-8831 

•89-2021 

•960 

12-1520 

•900599 

•954 


The speciHo volume of liquid acetamide, extrapolated for 
a temperature of 30* is '956 (Meldrum and Turner),' and 
the values of t>« in soiutions containing 36*62 and 47*11 
per cent, alcohol are almost identical with this. 


• J,C.8., 1908, 98, 876, 
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Table XXV. 


Solnto — Propionamide. Temp. 30° C. 


A 

(a) In water. 
di 


1*8533 

-996096 

*981 

3*9972 

-996593 

*980 

3*2024 

(b) In ethyl alcohol. 
-786516 

*980 

7*5389 

-793896 

*979 

11*4767 

-799920 

*983 


(c) In water-alcohol (47‘11 per cent, alcohol). 

4-9714 -916309 -995 

The specific volume of liquid propionamide for this 
temperature is a I’OOO. 

Table XXVI. 

Solute — Sucrose. Temp. 30° 0. 


(a) In water. 

A di r, 

2-7696 1-006078 -619 

4-6190 1-012373 -621 

8- 2459 1-026624 -621 

(6) In water-alcohol (26-44 per cent, alcohol). 
6-9306 -977464 -625 

9- 6612 -990192 -625 

(c) In water-alcohol (30-47 per cent, alcohol). 
6-1764 -966014 -624 

8-6266 -977847 -626 

(if) In water-alcohol (36-62 per cent, alcohol). 
6-8290 -960193 -626 

8-9480 -9676-24 -627 

(e) In water alcohol (47-11 per cent, alcohol). 
4-8789 -930920 -625 

10-9941 -952719 -627 

(/) In water-alcohol (68-89 per cent, alcohol). 
4-6037 -903306 -622 

99049 -922626 -62i 
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It will be seen from the above results that in every case 
considered, the speciflc solution volume of a solute is 
greater in a water*aIcohol mixture than in either water or 
alcohol, and not intermediate between its value in the 
simple liquids. In the case of formamide as solute the 
specific solution volume is actually greater than the speciflc 
volume of the pure liquid, although the solution volume in 
either water or alcohol is considerably less. In the ex> 
amples where the solution volume has been determined in 
a series of water>alcohol mixtures, a more or less definite 
maximum has been found, but the position of the maximum 
varies with the solute. The maximum solution volume of 
carbamide is found in a solution containing about 32 per 
cent, of alcohol both at 25° and 30° O., but in the case of 
both acetamide and sucrose, the mixture corresponding to 
the maximum contains over iO per cent, of alcohol. 

Maxima or minima have been recorded for several 
physical properties of alcohobwater mixtures, but the 
position of such maxima are by no means constant. These 
abrupt changes in the physical properties of mixtures have 
been interpreted by various authors as indicating combina- 
tion between the alcohol and water with the formation of 
more or less stable ** solvates." If this bo so, the results 
obtained for solution volumes of solutes in such mixtures 
indicate in addition, the existence in tlie solution of sol- 
vates between the solute and either water or alcohol or 
both. The formation of a solvate results in a change in 
the specific volume, the magnitude of which will vary with 
the particular solvate in question. Combination between 
the alcohol and water molecules results in a contraction 
in volume, which varies with the composition of the mixture 
and also tiie temperature. If in such a mixture we dissolve 
a solute, which also forms a solvate with water (or 
alcohol) the original equilibrium of the system will be 
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altered, and a further volume change result. This second 
change may be in the same direction as the first or it may 
be in the opposite direction, depending on the relative 
magnitudes of the specific contraction accompanying the 
formation of solvate in each case. 

In order to explain tiie results obtained in this work we 
would therefore iiave to consider that the formation of 
soivates is cliaracteristic of all the substances tiiat have 
been used as solutes. It is considered tliat the results 
obtained in tliis research can be explained by assuming 
that the observed volume changes result from a rearrange* 
ment of the molecules in the system. 

From a consideration of the specific solution volumes of 
organic solutes in organic solvents Tyrer (loe. cit.) con- 
cluded “ that a connection exists between the compres- 
sibility of a solvent, and tlie volume which a solute, when 
dissolved in it, takes up.” In the case of solutions in 
water slcoliolmixtures tliereisundoubtedlysome connection 
between the specific contraction that has already taken 
place in the preparation of tlie mixture and the specific- 
volume of a solute in this mixture. 

The contraction which results from the mixing of water 
and alcohol is due to a condensation in the volume of the 
system resulting from a rearrangement of the molecules 
in such a way as to permit of closer packing. For any two 
liquids (e.g., alcohol and water) this condensation will tend 
towards a maximum corresponding to a certain mixture at 
any particular temperature. The effect of dissolving a 
solute in such a mixture will depend on the relative size 
of the molecule of solute, and the amount of condensation 
that has already taken place in the preparation of the 
solvent. In the case of the pure solvents (water or alcohol) 
the addition of solute will cause a rearrangement of mole- 
cules in the system resulting in a relatively large decrease 
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in total volume. lo the ease of a mixture of alcohol and 
water which is already coudeased, the addition of the 
solute would be expected to have a smaller effect. Tlie 
observed value of v* would therefore be greater in such 
a mixture than in either of the simple solvents. 

It follows from the results given above that the maximum 
solution volume of a solute is not always found in the 
mixture which has undergone the maximum contraction in 
its prepagration. Thus in the case of carbamide, tlie maxi- 
mum solution volume occurs in a 32 per cent, alcohol 
mixture, whereas the maximum specific contraction 
(between water and alcohol) takes place when the mixture 
contains about 44 per cent, alcoliol. The position of the 
observed maximum contraction depends on the relative 
volumes of the different molecules concerned. 
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On tuk hydrolysis op UREA UYDROOHLORIDB. 

t 

By Oborob Joseph Burrows, b.So. 

[ftead before the Royal Society of N. 8. Wales, October i, 

The hydrolysis of urea hydrochloride in aciueous solutions 
has been investigated by Walker’ and Walker and Wowl.* 
These authors found tliat tlie salt was hydrolysed by water 
into urea and free hydrochloric acid, the amount so hydro- 
lysed at any dilution being expressed by the equation 


where h is the fraction of salt hydrolysed 

V is the volume in litres containing 1 gram molecule 
of the salt (total) 

and K is the equilibrium constant. 

The results contained in the present paper were obtained 
during an investigation of the properties of water-alcohol 
and water-acetone mixtures. In siicii mixtures the total 
amount of water present can be decreased considerably 
without altering the total volume of the solution, and it 
appeared of interest to see how such a change in tiie 
nature of the solution would affect the degree of hydrolytic 
dissociation of urea hydrochloride. It has been found that 
in these mixtures the equilibrium between hydrolysed and 
unhydrolysed urea hydrochloride can also be expressed in 
terms of Ostwaid's dilution law for electrolytic dissociation. 
Some of the results included in this paper were published 
in a previous paper on the rate of decomposition of urea in 

Zeit. phywk. Chem. IV, 319. * J.C.S., 1908, 83, 484. 
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water>alcohol mixtures.^ The investigation has since been 
extended, the degree of hydrolysis of urea hydrochloride of 
different concentrations having been determined in mixtures 
of water and ethyl alcohol and water and acetone. ^ 

I. Ethyl aloohol'Watev EOxtarM. 

The method employed for determining the degree of 
Itydrolysis of thehydrocliloride was similar to that described 
by Walker (ioc. cit.) for aqueous solutions, and is as follows. 
The rate of inversion of sucrose solution by hydrochloric 
acid was determined, and then the rate of inversion by 
hydrochloric acid containing the required amount of urea. 
By assuming that the rate of inversion of the sucrose is 
proportional to the concentration of free acid (for any par* 
ticular solvent), the degree of hydrolysis of the salt Is 
expressed as the ratio of the inversion velocity in the solu- 
tion containing urea to that in the solution containing no 
urea. The method adopted in preparing the solutions and in 
following the course of the reaction was the same as that 
described in a previous paper on sucrose inversion.* All 
alcohol or acetone percentages given in tliis paper are by 
volume. 


The rate of inversion was calculated from the usual 
equation 


fc = 



Ro-B^ 

Bi-B. 


Where Bo is the initial rotation 

B„is the rotation after complete inversion 
Bt is the rotation after an interval of t minutes. 


The agreement between the values of k obtained in any 
experiment was quite satisfactory. The following table 
contains the result of an experiment with 70 per cent, 
alcohol as the solvent and is quoted as an example. 


> UnrrowB and Fawaitt, J.C.S., 1914, 106, 612. 
* J.C.S., 1914, 105, 1260. 
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Table I. 


10 per cent, sucrose^ N/2 hydrochloric acid and M/2 urea in 70 
per cent, alcohol. Temperature 25* C. 


t 

Jit 

k 


0 

58-0 

... 


30 

63-3 

•00100 


50 

50-2 

•00102 


70 

47*5 

•00100 


100 

430 

•00104 


138 

37*8 

•00106 


180 

33*4 

•00104 


210 

30*4 

•00103 


240 

27-5 

•00103 


270 

24°8 

•00103 


288 

23-5 

•00102 


00 

.12-2 

... 




mean *00103 


In Table 11 are given under ki the mean values obtained 

for the rate of inversion of 10 per 

cent, sucrose 

by N/2 

hydrochloric acid. 

Under ka the rate of inversion by M/2 

urea hydrochloride and under ^ the ratio for the different 

water>alcohol mixtures at 25° 0. 




Table II. 



Alcohol % (vol.) 


ka 

kt 

0 

•00219 

•00143 

•653 

40 

•00192 

•00112 

•583 

so 

•00177 

•00103 

•579 

60 

•00185 

•00101 

•543 

70 

•00200 

•00103 

•516 


The ratio ^does not represent tlie true degree of hydro- 

Kl 

lysis of the urea hydrochloride. As pointed out by Walker 
and Wood (loc. eit.), the inversion velocity is influenced by 
the presence of unhydrolysed salt. The latter affects the 
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degree of dissociation of tlie free hydrochloric acid and It 
also has a direct (effect on the rate of inversion of the 
sucrose. To correct for this, Walker and Wood determined 
the elTect on the rate of inversion caused by the addition 
of an amount of sodium chloride equal to that of the 
unhydrolysed urea hydrochloride, and assumed that this 
gave approximately the effect of the unliydrolysed salt on 
the reaction. In a similar manner the present author has 
determined the rate of inversion by N/2 (HOI + NaOl) in 
alcoholic solutions. Thus, a solution in 50 per cent, alcohol 
which was seminormal with regard to the total chlorine, 
but contained 57*9 per cent, of tliis as hydrochloric acid 
. and 42*1 per cent, as sodium cldoridc, was found to give a 
mean rate of inversion of sucrose fc = *00092. As the 
corresponding value for the inversion by N/2 hydrochloric 

acid and M/2 urea was *00103 the correct degree of hydro- 

103 

lysis is considered to be *579 X . The correcting 

factor was determined in a similar way for each of the 
other solutions. 

In Table III are given tlie values for the degree of hydro- 
lysis (/t) corrected in tliis way. 

Table 111. 

M/2 urea Ijydrochloride. Temperature 25'0‘’ (J. 


Alcohol % (vol.) 

ki 

•653 

factor 

h 

0 

1-069 

•691 

40 

•583 

1-100 

•647 

50 

•579 

1-120 

•648 [-630] 

CO 

•543 

1-110 

•603 

70 

•515 

1-107 

•570 


The degree of hydrolysis is seen to decrease with decreas- 
ing concentration of water. Tiie value for 50 per cent, 
alcoliol is obviously too high. The value for this solution, 
obtained by plotting a Curve for the other mixtures, is h =: 
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*630; this value will be used in the subsequent discussion. 
Experiments were also performed with solutions containing 
N/2 liydrochloric acid and M/2 urea at 30° 0. It was found 
that at this temperature the value for h in water was tlie 
same as at 25° O., while the value in 70 per cent, alcohol 
was decreased by about 3 per cent. From tlie flgures in 
Table III it is possible to calculate the liydrolysis constant 
for urea hydrochloride in each of tliese mixtures. If we 
represent the degree of liydrolysis by h, and the volume in 
litres which contains 1 gram moieculo of urea hydrochloride 
by V, (which in this case eiiuats 2) then the hydrolysis 
constant H is given by 


H = 


(1 - h)v 


The values of H are given in Table IV. 

Table IV. 


Alcohol % (vol.) A II 

0 *691 -773 

40 -647 -(>93 

60 -630 -536 

60 -603 -468 

70 -670 -378 


The value of H in water is a little lower than that given 
by Walker and Wood (*781). This is due to the small differ, 
ence between the values of h found by them and the present 
author. 

The degree of hydrolysis of M/10 urea hydrochloride was 

determined at 40° 0. These results are given under hi in 

Table V» together with the values calculated from H under 

h (calc). In determining hi no correction has been applied 

to the ratio as it has been considered unnecessary owing 
hi 

to the small effect of the uuhydrolysed salt at this com* 
paratively high dilution. The values under h (calc) are 
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calculated from the correepouding values of H (at 25° 0.) 
by substituting in the equation 

JH’ 3B ^ 

Oi. 

where 0^ = the concentration of free hydrochloric acid 
Os = the concentration of free urea 
Oab= the concentration of unhydrolysed salt 
Tdble V. 


Alcohol % (vol.) 

*1 


Ai 

A( 

0 

•00265 

‘00241 

•906 

•897 

25 

•00256 

•00219 

•859 

•882 

50 

•00230 

•00196 

•852 

•860 

75 . 

•00274 

•00419 

•800 

•805 


Experimeuts with 10 per cent, sucrose and N/2 hydro* 
chloric acid and M/4 urea at 25* 0. gave the foliowing 
results. 




Table VI. 




Alcohol % (vol.) 

*1 

h 

factor 

hi 

A(( 

0 

•00219 

•00172 

103 

•809 

•826 

26 

•00204 

•00164 

1-05 

•793 

•811 

76 

•00208 

•00143 

1-06 

•729 

•737 


The agreement between the calculated and experimental 
results Justifies the conclusion that in water-alcohol mix- 
tures the effect of dilution may be expressed by the ordinary 
dilution law. That is, the amount of salt hydrolysed 
depends on the concentration of the salt expressed in terms 
of the total volume — it is not simply proportional to the 
amount of water in the solution. 

XI. Aoetone-wates Kixtnves. 

Similar experiments were carried out with acetone- water 
mixtures as solvents. In this case the concentration of 
free acid was determined by its effect in hydrolysing methyl 
acetate. In determining the degree of hydrolysis of the 
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urea hydrochloride, the rate of hydrolysis of methyl acetate 
was determined,. first in a solution containing hydrochloric 
acid, and then in a solution containing urea hydrochloride. 
The rate of hydrolysis of metliyl acetate was calculated 
from the equation 

fc = _ _ I - 2nx {\/\an + 1-1) 

t v iaH +1 iau - 2nx U i nn t- 1 + 1 ) 

obtained by integrating ‘ = fc (a - .r) — /ci .r* 

il t 

where fc = the rate of hydrolysis 

ki — the rate of esterifleation 
a = the initial concentration of ester * 

X = amount of ester hydrolysed in time t (minutes)' 



and ^ = amount of ester hydrolysed from the beginning 
of tlie reaction up to the equilibrium. The value of x was 
found by dotermlning tlie amount of acetic acid in the 
solution after different intervals of time by titrating a 
portion with baTyta solution. 

The values of fc found in any experiment were constant 
to within about 2 per cent, of the mean. An example is 
given in detail in Table VII for the rate of hydrolysis of 
5 per cent, methyl acetate by N/2 liydrochloric acid and 
M/2 urea in water at 25° O. 


1 

Table VII. 

X 


0 

• •• 


30 

■0600 

914 

60 

•1192 

9-iO 

91 

•17.33 

900 

120 

•22.50 

9-23 

1.50 

•2692 

9*10 

213 

•3600 

9-19 

270 

•4276 

9 03 

332 

•4975 

9-10 



Mean 9*13 
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In Table VIII are given the mean results obtained for 
the rates of hydrolysis of 5 per cent, methyl acetate in 
acetone-water mixtures at 25° 0. 

In this table ki is the rate of hydrolysis by N/2 liydro- 
chloric acid, and ka is tlie rate of iiydrolysis by M/2 urea 
iiydrochloride. 


Table VIII. 


Acetone % (vol.) 

*1 X 10« 

X 

o 

kq 

h 

0 

13-58 

9-13 

•672 

20 

12-28 

7-98 

•650 

4i) 

10-33 

6-02 

•583 

60 

7-91 

3-91 

•494 

80 

7-51 

2-27 

•303 


As in the case of sucrose inversion the effect of unhydro- 
lysed salt was determined, by finding in each of the above 
mixtures the rate of iiydrolysis by N/2 (HOI + NaOl), the 
amount of sodium chloride taken in each case being the 
approximate amount of unliydrolysed urea hydrochloride 
found above. The ratio of this number to the corresponding 

value of ka is taken as tlie correcting factor for each 

k* 

solution, and by multiplying ~ by this factor tlie value of 

h, the degree of hydrolysis, is obtained. These results are 
given in Table IX. Under H are given the values of the 
hydrolysis constants of urea hydrochloride calculated from 

hi 

the equation H = ^£ 1 where t> is the volume in litres 
containing one gram molecule of urea Iiydrochloride and in 


tills case equals 2. 


Acetone % (aoI ) 

h 

kt 

Table IX. 

factor 

h 

H 

0 

•672 

1-03 

-692 

•777 

20 

•660 

1-04 

-676 

•705 

40 

•683 

1-06 

•618 

•506 

60 

•494 

1-06 

•623 

•286 

80 

•3Q3 

1-08 

•328 

•080 
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The hydrolysis constant decreases considerably as water' 
is replaced by acetone, the effect being greater than when 
water is replaced by alcohol. The degree of hydrolysis of 
M/10 urea hydrochloride at 25° O. was also determined in 
each of these mixtures. The results are given in Table X. 
kt is the rate of hydrolysis of 2*5 per cent, metliyl acetate 
by N/10 hydrochloric acid, ka is the rate of hydrolysis of 
2*5 per cent, methyl acetate by M/10 urea hydochloride. 


h 


ka 

ki 


degree of hydrolysis. 


On account of the small amount of unhydrolysed urea 
hydrochloride in these solutions the ratio j~ lias not been 

ICi 

corrected as in the more concentrated solutions. 


Under h (calc.) are given the values for the degree of 
hydrolysis of M/10 urea hydrochloride calculated from the 
hydrolysis constants H, given in Table IX. 

Table X. 


Acetone % (vol ) 

o 

X 

ka X 10< 

h 

/*(C 

0 

2*60 

2-32 

•893 

•895 

20 

2-39 

2-10 

•879 

•885 

40 

1-90 

1-64 

•863 

•855 

60 

1-42 

M6 

•810 

•785 

80 

M3 

0-726 

•642 

oc 

o 


The agreement between the calculated and experimental 
values of h is satisfactory in all cases except in the mixture 
containing 80 per cent, acetone. On account of tlie small 
value of h for M/2 urea hydrochloride in this mixture, a 
small error in this determination would produce a relatively 
large error in ET, and on this account there is more likelitiood 
of a difference between the calculated and experimental 
values of h for M/10 urea hydrochloride in this solution 
than in the others. 

In tlie next series of experiments the solvent was kept 
ccnstant (60 per cent, acetone) and the cpncpntratiop of 
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tlie urea hydrochloride varied. In Table XI are given the 
results for the degree of hydrolysis of urea liydroohloride 
of various concentrations in this particular mixture at 25*0. 
The values under It (calc.) were obtained from U =; *315, 
which in turn was calculated from the value It = *810 found 
for M/10 urea hydrochloride. 


Table XI. 


Oonceiitration 
uf urea 

hydrochloride 

kixlO* 

tax to* 

h 

factor 


h (ca'c ) 

M/2 

7-91 

3-91 

•494 

1*06 

•523 

•554 

M/4 

3‘60 

2 .39 

•664 

1*03 

-684 

•675 

M/6 

2*38 

1-81 

•760 

1*01 

•767 

•737 

M/8 

1*77 

1'39 

•785 


00 

•780 

M/IO 

1*42 

116 

•810 

... 

•810 

[•810J 

M/16 

0*870 

0-749 

•861 

... 

•861 

•866 

M/32 

0*438 

0-406 

•927 

... 

•927 

•926 


The agreement between the calculated and experimental 
values of h is considered satisfactory. 

A comparison ot the figures given in Tables IV and IX 
shows that the degree of hydrolysis is not independent of 
the nature of the substance which replaces the water as 
solvent. Whereas the value of h in aqueous solution is *691, 
in 60 per cent, alcohol it is *603, and in 60 per cent, 
acetone only *523. In the case of alcohol-water mixtures 
the hydrolysis constant H is (approximately) proportional 
to the total number of molecules of water + alcohol. This 
is shown in Table XII, in which w represents the number 
of gram molecules of water in the solution, and a the 
number of gram molecules of alcoltol. 


Table XII. 


Alcohol % 
(yol.) 

a 


(a + ie) 

B 

w 

Hxloa 

w+a 

0 

0 

600 

60-0 

•773 

1-54 

1-64 

40 

6-26 

30-6 

36-76 

•693 

1*94 

1-61 

60 

7-83 

255 

33-33 

•636 

2-10 

1-61 

60 

9-22 

20-0 

29-22 

•468 

2*29 

1-67 

70 

10-76 

160 

26-75 

•378 

2-52 

1-47 
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la the case of acetone-water mixtures the value of H is 
approximately proportional to the number of molecules of 
water in the solution, the acetone apparently having no 
hydrolytic effect. 


Table XIII. 


Acetone % (vol.) 

w 

// 

// X 10 '^ 

tv 

0 

ftl-O 

'111 

1-52 

20 

41-0 

•705 

1-76 

40 

31-0 

•505 

163 

60 

20-0 

•285 

1-43 

80 

90 

•080 

0-89 


These results indicate that in the mixtures investigated, 
whereas the hydrolytic power of alcohol is approximately 
the same as that of water, acetone appears to have no 
effect on thp degree of liydrolysis of urea hydrocliloride. 
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CINEOL AS A SOLVENT IN ORYOSOOPY. 

By Chaelks B. Fawsitt and Christian H. Pischkr. 

[_Read htfore thx Boyal Society of It, 8. Wales, December 5, J9I7.J 

CiNKOL is an important constituent of many Eucalyptus oils 
and it is now easily procurable in a fairly pure condition. 
Its composition is given by the formula OkiHuO. It was 
thought tliat its value as a possible solvent for cryoscopic 
determinations was worth investigation. 

The cineol was obtained from Hudson’s Bumenthol Co., 
Sydney, where, we understand, it is obtained from eucalyptus 
oil, which is ricii in cineol. Tlie cineol is obtained from the 
oil by freezing out this constituent. We distilled the cineol 
and found tliat most of it came over at 175° - 176" C. 
Tile freezing point of the distilled cineol was 0*1° C. The 
flgure usually given for the freezing point of cinool is — 1°C., 
but this latter flgure is too low. 

Pure cineol is exceedingly hygroscopic, and owing to the 
relatively small molecular weight of water, small amounts 
of absorbed water depress the freezing point very much. 
An addition of 0*2% of water was found to depress the 
freezing point of cineol 0*54° O. 

In order to test whether the distilled cineol had any 
considerable amount of moisture in it, a current of air, dried 
by sulphuric acid, was passed through the solution for three 
quarters of an hour, when the freezing point rose to 0*2° C. 
Some distilled cineol was next allowed to stand over sodium 
for twenty-four hours and redistilled; its freezing point 
was found to be 0*9* C. 

Cinsol os a SolTsnt in Cryosoopy. 

For the first determinations given below, distilled cineol 
of F.P. 0*1° O. was used. This contained a small quantity 
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of water but was easier to work with than the purer oineol 
of F.P. 0*9’ 0. used in the later determinations. 

Tho use iu cryoscopy of a soivent containing slight im- 
purities is justified if the depressions of the freezing point 
caused by aciditions of various solutes are the same as they 
would have given with the purer solvent. Whether this is 
so, is a matter for experiment in any particular case. 

Wo liave found that when benzene is used as a solute, 
exactly the same results were obtained with the ordinary 
and the dried cineol, and we believe that the influence of 
this small quantity of moisture is negligible for its use In 
the determinations given below. 

The usual apparatus with a Beckmann thermometer was 
used for these determinations, except that the stirrer was 
fitted with a mercury seal, in order to exclude air with its 
attendant moisture. Without this, or other suitable con- 
trivance for preventing moisture from entering, it is 
imiwssibie to obtain results that can be depended on. 

After the freezing point had been registered in any par- 
ticular determination, the tube containing the solvent and 
solute was warmed up to nearly the room temperature (16’ 
- 23° O.) before refreezing to obtain another reading. This 
method gave better results than heating the semifrozen 
liquid just sulflciently high to melt all solid. 

In the following tables the cryoscopic constant, is 
the depression in the freezing point caused by dissolving 
one gramme-molecule of the solute in 1000 grammes of 
cineol. 

“K ” is calculated from the formula 
If _ ♦» X A X W 
wx 1000 

Where m — molecular weight of the solute. 

A = depression of the freezing point in dejgrees 
centigrade. 
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tv = weight of solute used (iu grammes). 

W = weight of solveat used (iu grammes). 

The solutes used were Kablbaum’s iu the case of benzo> 
phenoue, uitrobenzene, bromobenzene, toluene, benzene, 
butyl alcohol, and were used without further puriQcation. 
The chloroform used was Mercks’. The ethyl alcohol used 
was Mercks', and was distiliod after being in contact with 
quicklime for twenty*four hours. The ether was Kahlbaum's 
and was distilled after being in contact with sodium for 
twenty-four hours. 

TABLE I. 

Solute: — Benzopheiiono (CglI,),CO ; m ~ 182. 

Weight of solvent (cineol) = 14‘258 gruinuies. 



Perceutai^e of 
Bolute to solvent. 


K. (calculated) 

0*1186 

0*832 

0-308 

6*7 

0*2026 

1*421 

0-632 

6*8 

0*2752 

1*930 

0-696 

6*6 

0*3870 

2*714 

1-044 

7 0 




Average 6*75 


TABLE 11. 


Solute: 

— Nitrobenzene, Cell, NO,; »» = 

- 123. 

Weight of cineol « 16*06. 


Ilf. 

Percentage of 
solute. 

A j 

K. (calculated) 

0*2064 

1*279 

0*655 

6-4 

0*2946 

1*834 

()'953 

6*4 

0*6068 1 

3*166 

1*651 

6*4 

0*6672 1 

4*092 

2*176 

6*6 




Average 6*45 


TABLE III. 


Solute; — Broroobenzone, 0,,H,Br; m == 157. IT = 16 02. 


to. 

Percentage of 
solute. 

A 

K, 

0-197 

1-23 

0-64 

6-9 

0-3444 

2-16 

0-949 

6-9 

0-4872 

3-04 

1-317 

6-8 

0-6386 

3-98 

1-703 

. 6-7 


Average 6'8 
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TABLE IV. 

Solute: — Toluene, OgHgCHs; m ^ 92. IV =» 24’69. 


w. 

Percentage of 
solute. 

A 

K. 

0*203 

0*822 

0*599 

6*7 

0*403 

1*63 1 

1*199 

6*8 

0*613 

2*48 

1*814 

6*7 

0*849 

3*44 

2*508 

6*7 


Avera^'e 6*7. 


Solute 

TAllLE V. 

-Benzene, OjH,; m = 78. IK 

20*31. 

w. 

Percental of 
solute. 

A 

K. 

0-1902 

0-3462 

0-6220 

0-8422 

0*937 

1*70 

2*57 

4*15 

0*788 

1*128 

2*155 

3*428 

6-6 

6-6 

6-5 

6-4 

Average 6-6 


TABLE VT. 


Solute : — Chloroform, OTiOl, ; 

m - 119*4. 

IK = 19-19. 

w. 

Percentage of 
solute. 

A 

K. 

0-22 

1-146 

0-639 

6-7 

0-4136 

2-166 

1-20 

6-7 

Average 6-7 


TABLE VII. 


Solute: — Ethyl other, (CgUft).^© ; m « 74. W ^ 18*27. 


w. 

Percentage of 

A 

K, 

solute. 



0-1292 

0-707 

0-624 

6-6 

0-2698 

1-477 

1-275 

6-4 

0-4016 

2-2 

1-876 

6-3 

0-6210 

3-4 

2-875 

6-3 

0.94 

6-15 

4-266 

6-1 

Average 6-3. 
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From these results the value of the constant (K) may be 
taken as 6*7. This iiokls good for dilute solutions and for 
unassociated solutes. 

Oineol itself does not appear to show any abnormal 
behavious in these experiments, and molecular weight 
determinations of cineol (as solute) dissolved in benzene 
(solvent), gave a normal result for the molecular weight of 
cineol. The values of the constant “K ” for cineol in some 
of the tables given above decrease with increasing concen- 
tration of solute, l)ut this is a peculiarity often noticed in 
such freezing point experiments, and it may be taken that 
the more correct value for the constant is that obtained 
in the dilute solutions. 

Tile molecular weiglit of substances containing the group 
hydroxyl, would be expected to be abnormal (too large) in 
solution in cineol, as this abnormai cliaracter of such 
solutes is noticed witli other solvents. Vice verm, tlie 
calculated values of “K” using the normal molecular 
weights for alcoliols should come out rather low. 

TABLE VIII. 

Solute: — Ethyl alcohol, 46. W =» 16'90. 


w. 

Peroeiitagus of 
solute. 


jr. 

01478 

0-875 

1-113 

5-8 

0-3834 

2-37 

2-645 

5-4 

0-6934 

4-106 

4-356 

4-9 

TABLE IX. 

Solute: — Butyl alcohol, C^HioO; m = 74. 

W = 18-02. 


tif. 

Percentages of 
solute. 

A 

K 

0-132 

0-7.32 

0-60 

6*1 

0-398 

2-21 

1-744 

6-8 

0-691 

3-84 

2-877 

6-6 
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From these results we conclude that these alcohols are 
associated in solution in cineol. Comparing oineol with 
other solvents, we And it is somewhat more difficult to 
carry out determinations with cineol as solvent, than with 
benzene or water, but we believe that cineol will be found 
a useful solvent in some cases. 

The latent heat of fusion for cineol is given by the formula 
j = JgT* 
k X 1000 

where L = latent heat of fusion of 1 gramme of cineol, 
= 1 ‘985, and T = absolute temperature of melting point 
of cineol = 274° O. The latent heat of cineol (1 gramme) 
is therefore 22*2. 


Summary. 

1. Oineol is a hygroscopic substance and the usual freez* 
ing point given is too low. Oineol purified from dissolved 
water was found to freeze at 0*9° O. 

2. The freezing point constant for normal solutes in 
cineol as solvent Is 6*7. 
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EXPERIMENTS ON THE BEHAVIOUR OF IRON IN 
OONTAOT WITH SULPHURIC ACID. 


By O. E. Pawsitt, d.So, and A. A. Pain, b.So., 


[Read before the Royal Society of N,8. Wales, September 4, 1918.'] 


Two papers on tins subject have already appeared.^ Com- 
paratively little research on this subject has been carried 
out, yet the matter is of great importance; the researches 
already published (loc, cit*) have therefore been continued. 
There are many peculiarities about the action of sulphuric 
acid on iron that have still to be cleared up, but we have 
confined our present experiments to two questions only. 

Part I . — A comparison of Iron in concentrated Sulphuric 
Acid with Passive Iron. 

Although iron is attacked very noticeably when first 
inserted into concentrated sulphuric acid, the action is 
much less vigorous after a few hours, and suggestions have 
been made by somo chemists to us that in this case we 
may have to do with something resembling a passive*^ 
state of iron. We have therefore performed some experi- 

^ Fawsitt and Powell, Joum. Soc. Chem, Ind., xxxiif, 284, 1914 ; and 
Powell, Proc, Ray. Soe. N.S.W., xlyii, 59, 1918, 
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ments with wrought iron and 96% sulplmric acid (pure for 
, analysis). 

If the word “passive” be here used as denoting “inac- 
tive,” then there is no great objection to it, for the activity 
in the case of action on wrought iron and cast iron is 
excessively slight. But the word “passive” could not at 
any rate be applied to iron in pure sulphuric acid as denoting 
a state in any sense similar to that of the state of iron when 
placed in 1*4 sp. gr, nitric acid. The results of the follow- 
ing experiments bring out the difference between the two 
cases. 

I. — I A. Wiien passive iron, lying in 1*2 nitric acid was 

touched with platinum, neither iron, nor the platinum 
experienced any change noticeable to the eye. 

I B. When iron lying in concentrated sulphuric acid (96%) 
was touched with platinum, then although there might 
have previously been no bubbles of gas coming from 
the iron, bubbles of gas appeared after contact almost 
immediately on the platinum. 

II. — II A. The cell. Passive iron [1*2 nitric acid] Platinum 

was found to have a potential of 0'13 to 0*3 volt, while 
the cell Active Iron [1*2 nitric acid] Platinum had a 
potential of 0*95 to 1*1 volts. In both cases the iron 
was positive to the platinum. 

When passive iron immersed in 1*2 nitric acid was touched 
with tin or copper, the iron became suddenly active, and 
the potential immediately rose to that of the second cell, 
viz,, 1*1 volts. When the passive iron was lifted into the 
air for a few moments and replaced in the solution, there 
was no considerable influence on the potential of the cell. 

II B. The B.M.F. of the cell. Iron [concentrated sul- 
phuric acid] Platinum was found to be much more 
variable than the E.M.F. of the cell where iron, passive 
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or active, is tested against platinum in nitric acid. 
This is shown in Table I. 


Table I. 


Time after contact of iron with Hcid. 

Potential 

1 Minute 

1 • 2 volte 

8 

1 * 1 „ 

16 „ 

0 • 95 „ 

30 

0-8 „ 

65 „ 

0 • 62 „ 


After 65 minutes insertion In the acid, the iron was 
touched witli a piece of tin, when the potential rose only 
to 0*68 volts. The iron was tlien scratched vigorously with 
tin, when the potential rose to 0*79 volts. The potential 
however started to fall again immediately. On bringing 
the iron now into the air for one minute, and again intro* 
ducing into the sulphuric acid, the potential was found to 
have risen to 0*95 volt. The voltage immediately began 
to decrease slowly again as before. Whenever the iron 
was lifted into the air for one minute, the potential rose 
considerably, and in some cases as much as 0*4 volt. 

III. — Passive iron (made passive by 1*4 sp. gr. nitric acid) 
was put into concentrated sulphuric acid (96%). 

In the concentrated sulphuric acid the potential of the cell 
— Passive Iron [concentrated sulphuric acid] Platinum — 
was found to be from 0 to 0*2 volt. When the passive iron 
was brought into the air for a minute, and then replaced 
in the sulphuric acid, the potential was not noticeably 
affected. On touching the passive iron (while in the sul* 
phuric acid) with a piece of copper, the potential rose 
suddenly to 1 . 15 volts. 

It will be seen from these experiments that wrought iron 
made passive by 1*4 nitric acid, bears no simple relation 
to ordinary (active) iron which has been lying in pure con- 
centrated sulphuric acid for some time. 
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The slow action of concentrated sulphuric acid on iron 
or steel, whereby hydrogen is produced, is dependent on all 
the usual factors governing the action of acids on metals. 
The peculiarities noticed in the case of iron and concen- 
trated sulphuric acid are due partly to the protective coat- 
ing of PeS 04 , H#0 which tends to cover the iron soon after 
the action has begun; partly also, we think, to the fact 
that iron is capable of absorbing hydrogen; and partly to 
impurities in the iron. Ooncentrated sulphuric acid dues 
not of itself passidify iron. 

Part II . — Variation in the rate of action according to the 
Concentration of Acid. 

It would probably be expected that dilution of the acid 
would greatly increase the velocity of action. Our experi- 
ments have shown, however, that the increase in action is 
not in any way proportional to the increase in the per- 
centage of water in the acid, but rather that no great 
increase in the rate of action is obtained when the acid is 
reduced from 94 per cent, to a concentration of 85 per cent. 
HaS 04 (15% water). Below a concentration of 85% sul- 
phuric acid, tite velocity increases somewhat more notice- 
ably as the concentration of HaSO, diminishes. A further 
decidedly greater increase in velocity is noticed in proceed- 
ing from 70% acid to 64’5% acid. Some investigations into 
the rate of action of concentrated sulphuric acid on iron 
have been made by Knietsch.‘ Broadly speaking, it might 
be said that his experiments give somewhat similar results 
to those we have obtained. 

An exceptionally slight action was obtained in our experi- 
ments with 89*3% HaSO«. Knietscli, on the other hand, 
obtained a minimum action with 94% HiSO«. This may 
possibly be accounted for by the different kind of iron used 
in the two researches. 


‘ Jvmm, 8oe. Chtm. Ind., xxi, p. 348, 1902. 
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Tlie rather sudden increase in velocity of action which 
we have observed in proceedings from 85% to 80% and from 
70% to 64*5% acid, may not be unconnected with the fact 
that the monohydrate, H 9 SO 4 , H 9 O contains 84*5% of 
H 9 SO 4 while the trihydrato HaSOi, 3 II 2 O contains 64*7% 
HaSO*. 

The amount of action depends to some extent on whether 
the acid is kept in movcinent or is left undisturbed in con- 
tact with the iron. Onesetof experiments, Series A, was 
conducted without shaking, and the rate measured by 
reading the voluinoof gas (reduced toN.T.P.) evolved from 
the iron and acid contained in a flask. In Series B, the 
flasks containing the iron and acid were shaken, and the 
rate measured by noting the diminution in weight of the 
iron used. 

Srries “A.” 

The iron used was a steel wire of the following com- 
position: — carbon 0*51%, phosphorus 0*016%, silicon 0*083%, 
sulphur 0*058%, manganese 0*48%. The steel wire l)ad a 
diameter of 0*0700 centimetres. 

A length of 634 cm. of wire, weighing 20 grams, was 
polished with emery paper and was cut up into lengths of 
5 cm. This lot of 20 grams weight was the amount used 
in each experiment, and the surface exposed to the acid 
was approximately 143 sq. cms. in each case. The volume 
of the acid used was 120 cc. This was put into a Jena 
distilling flask (130 cc.) with the portion of the neck above 
the side tube shortened so as to reduce the gas space in 
the flask to a minimum. The side tube was shaped to a 
delivery tube permitting the collection of evolved gas over 
mercury. After introducing the iron and acid, the neck of 
the flask was closed with a paraffined rubber stopper. Tins 
arrangement was proved to be gas-tight under a pressure 
of 24 cm. of mercury. The flasks were placed in a water 
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tbermostat at 30’ O., and the gas was collected in a 
measuring tube over mercury. 

Owing to it being necessary to displace a small and 
variable amount of mercury In the delivery tube before any 
readings of the volume could be made, it was necessary to 
wait for 1-8 days, before the first reading could be taken. 
When therefore no reading for tlie volume of gas is given 
in the first few days (Table II), this does not mean that no 
gas was evolved, but that it was not possible to register 
the volume with tlie method of collection which was 
adopted. Using 120 cc. of acid, there is not a very marked 
change in the concentration of the acid even in several 
weeks, for although acid is being used up by water it is also 
used up in order to form the compound FeS 04 , llaO, wliich 
has been shown’ to be the compound formed in the action 
of concentrated sulphuric acid on iron. Fe+HaS 04 H-HgO 
= FeS04, HjO + H,. 

An extreme case is next given wiiere the action is taken 
as much greater than anytliing actually experienced in 
these experiments. Taking 94% acid as an example, and 
allowing this to act on steel for 45 days at 30° O., the 
maximum amount of gas which could bo produced in this 
time (.30° 0.) from 140 sq. cm. of the steel used, is say, 45 
X 24 X 3‘5 cc. = 3780 cc. This (maximum) amount of 
gas is calcuiated on the assumption that the velocity 
throughout was the maximum velocity ever obtained in an 
experiment with 94% acid at 30° 0. 

These 3‘780 litres would use up 16'8 grams of sulphuric 
acid (HtBOi). 16*8 grams of acid and 3*93 grams of water 
are thus removed. Now the original acid had a volume of 
120 cc. and weighed 217*4 grams; this contains 205*8 grams 
HgSO# and 11*6 grams water. After 45 days action 189 
grams acid and 7*7 grams water are left, so that the per* 


‘ Powull. Proe. Hoy. Soc, I1.6.W , xuvtt, 69, 191.3. 
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centage ot HsS04 in the acid is 96*08. A oonoontraiion 
of 84*5% acid corresponds to the composition of the mono* 
hydrate HaS 04 , HgO and so will not gain or lose in con- 
centration when acting. More dilute acids will loso in 
concentration. 

As the acids employed usually had a much smaller action 
in these experiments than that formulated in the calcula- 
tion, any alteration in the concentration of the acid from 
the initial values may be regarded as negligible. 

In a previous research' it was suggested that the real 
(maximum) velocity of the action of concentrated sulpliuric 
acid might not always be obtained owing to the adhering 
coats of ferrous sulphate and other causes. In many of 
those cases, shaking appears to be all that is necessary to 
produce the maximum velocity. 

In many of the experiments, the results of which are given 
below, the velocity of action increased continually towards 
the maximum as time advanced, even when the flasks were 
not shaken; one could explain this by assuming that the 
faster the evolution of hydrogen gas, the more stirring 
action there is of the acid at the surface of the iron exposed; 
or one could assume that the products of the action liave 
some accelerating effect on the action. It was assumed in 
a previous research, using the same steel and 04*6% acid, 
that the velocity of action obtained at 30° 0. viz. 2*4 cc. 
per sq. dcm. per hour, approximated pretty closely to the 
the maximum velocity obtainable. In the first experiment 
(Series A, Table II) the flasks were left quite undisturbed 
except for the stirring action of the gas evolved, and the 
velocities obtained with 94% acid were somewhat less than 
those obtained originally by Fawsitt and Powell (foe. rit.) 
with 94*6% acid. The concentration of acid in those solu- 
tions was determined in the first instance by density, but 


^ Joum, Chem. 8oe, Ind,, xxxiii, 284^ 1914. 
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in the case of most of the concentrations given in Table T, 
a determination was also made by titrating the acid with 
alkali. 

In Table II the gas evolved has been calculated to cc. 
of gas evolved per sq. decimetre per iiour, on the assump* 
lion that the whole of the surface of tiie steel used (143 
sq. cm.) was freely exposed to tlie action of the acid. This 
is only approximately true, as the small pieces of steel 
touched each other in places. 

Seriks “B.” 

Samples of steel of tiie same kind as in series “A” but 
only 5 grams in weight (the surface being 35 sq. centi- 
metres) were exposed to the action of concentrated sul- 
phuric acid in large test tubes, and the tubes were then 
placed in a thermostat at 30° O. and shaken from side to 
side by a mechanical shaker worked by a motor. In this 
case the gas evolved was not measured, but the weight of 
the iron was taken before action, and after 28 days of action; 
the iron on being taken out of the sulphuric acid was washed 
witii alcohol, then with water, then with alcohol and dried 
before the (Inal weighing. The results obtained are as 
follows: — 


Table III. 

Weight of iron lost in 28 days. 


00993 
0*8606 
1 •2*223 
0*1401 
0*1331 
0*5230 
0*5264 
2*9145 


The experiments with 89’3% concentrated acid show 
distinctly less action than those with94‘0% acid, thus con- 
firming the results obtained in the unstirred experiments. 


Concentrated acid. 

97*4 

94*0 

90*0 

89*3 

89*3 

87*9 

85*0 

80*0 
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Comparing the 94% acid when shaken with the results 
obtained in Table II, we notice that *8605 gram of iron is 
lost in 28 days from 35 square centimetres of surface. This 
means that 340 cc. of hydrogen were produced by the 
solution of this ’8605 gram of iron, or 1’4 cc. per hour per 
sq. decimetre. This is the average rate for tlie 28 days, 
and is just about equal to the rate (1*36) obtained from the 
undisturbed acid after 43 days. As the average rate for 
94% acid for 28 days in Series “A” (Table II) is only 0*35 
cc. per sq. decimetre per hour, the accelerating effect of 
shaking is thus very noticeable. It is noticeable also in the 
other concentrations of sulphuric acid used. 

Gonchiaions, — (1) The solvent effect of sulphuric acid, of 
concentration (80%— 91%) H 2 SO*, on steel is noticeably 
increased by shaking the vessel containing the acid and 
steel. 

(2) 97*4% naS 04 and 80*3 have less action on the 

steel used than 94%, 90*9%, 87*9% or 85% acid. 

(3) As the action of the acid on iron or steel produces a 
form of ferrous sulphate monohydrate (FeSO.^, H 2 O) on the 
surface of the iron, this causes a slowing down of the Jiction 
and prevents action almost entirely in some cases. 

(4) No real similarity exists between iron which is slowly 
dissolving in concentrated sulphuric acid and “/wi.mvc” 
iron as produced by dipping iron into 1*4 sp. gravity nitric 
acid. 
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THE MISCIBILITY OF LIQUIDS. 

By Oharlbs B. Fawsitt, and Christian H. Fischbr. 

[Stad b^ore iht Royal Boeitiy of N. S. Walot, Novomibor 8, 1919.'} 

Whbn two liquids are shaken together they may (1) mix 
perfectly in all proportions with one another, or (2) dissolve 
partially in one another giving two layers, or (3) not mix 
at all (appreciably). As examples of these oases we might 
tako 

(1) ethyl alcohol and water 

(2) ether and water 

(3) mercury and water. 

It was noticed by Rothmund * that the chemical com> 
position had some connection with the mutual miscibilities 
and lie drew up the following list of liquids in order: — 
Water, lower fatty acids, lower alcohols, lower ketones, 
lower aideliydes, nitriles, phenols aromatic aldehydes, ether, 
halogen derivatives of hydrocarbons, carbon disulphide, 
hydrocarbons. 

In such a case, liquids which are close together on the 
list are miscible, while those furthest apart are the least 
miscible. 

Later, Holmes’ considered that the molecular volume 
of the liquid was the dcftermining factor in connection with 
miscibility. According to Holmes, complete miscibility la 
possible only when the molecular volumes are rather close 
numerically. 

Holmes' conclusions are based on the supposition that 
the molecules are spherical. Wliile this premise is very 


Zeit. fttr phyaikal. Chemie, 86. 4t^, (1898). 
* Tru>«, ChelD. Soo., (1918) 103. 8147. 
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doubtful, the oonolusions are strikingly in accord with the 
experimental results, and it is astonishing that this valu- 
able work has not hitherto been made more use of by 
chemists* Holmes arranges liquids in the order of the radii 
of their respective molecular volumes and tliis molecular 
volume list really assumes the importance of a miscibility 
table. 

Holmes^ TahU, 

MoIeouUr lUdiut Moleoulat Radius 

oomparod with water. compared with water. 


Water 

1 

Aniline 

1-72 

Glycerol ... 

1 

n- Butyl alcohol ... 

1*72 

Formic acid 

1-28 

n- Butyric acid - ... 

1-72 

Methyl alcohol 

1-31 

isobutyl alcohol 

1-72 

Diethyl tartrate ... 

1-33 

isobutyric acid 

1-72 

Acetic acid 

1-47 

Ethyl acetate 

1*76 

Ethyl alcohol 

1*48 

Ethyl ether 

1-80 

Propionic acid 

1-60 

n- Amy 1 alcohol 

1*82 

Acetone ... 

1-60 

Methyl iodide 

1*91 

n-Propyl alcohol ... 

1-60 

Chloroform 

207 

Pyridine 

1*64 

Ethyl iodide 

2-08 

Nicotine ... 

1-66 

Benzene 

2-14 

Phenol 

1*70 

Carbon disulphide... 

2*37 



n-Hexane ... 

2-43 



n- Heptane 

2-53 


Dealiog first with single (liquids) substances only, the 
following question arises: — “Would it be possible to take 
all (single) liquids, and arrange them in order in a table, 
such that the relative miscibility of any one of them (say 
A) with respect to any other (B) could be predicted?” This 
question can only be fully answered by experiment with all 
liquids. We have tested a somewhat larger number of 
liquids than Holmes, and for the liquids examined there 
seems little doubt that each has a fairly definite place on a 
list of liquids, such that its behaviour with respect to 
others can be predicted. When A dissolves to any extent 
in B, and B in A, to form two layers, even a small amount 
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of B dissolved in A will alTect the properties of the A layer 
and in particular the molecular volume of A^bo that the 
position at a liquid in regard to miscibility depends not 
only on its molecular volume and other properties, but on 
the way these are altered by introduction of the other 
liquid with which the miscibility is being examined. At 
the same time the influence of the solution of small amounts 
of other substances does not usually seem to be so very 
disturbing. 

The following list contains a considerable number of 
liquids arranged in order. 

It may be taken as a rule that if any one of these, say 
methyl alcohol No. 7, mixes perfectly with any other, say 
castor oil, No. 46, then all the liquids between Nos. 7 and 
47 will mix perfectly. No. 9 mixes with all liquids up to 
No. 51, tlierefore all licjuids between these will mix per- 
fectly. It is interesting to note that while Nos. 13 and 15, 
dichlorhydrine and methyl acetate, are only partially 
miscible with water (No. 1), and partially miscible with 
No. 55 (liquid petrolatum) pyridine is miscible with No. 1 
and No. 55. 


The experiments were carried out at a room temperature 
of 18" - 22" O. and most of liquids used were Kahlbaum's 
(pre-war stock). 


1 Water 

2 Glycerol 

3 Glycol 

4 Formamide 

5 Formic acid 

6 Diethyl tartrate 

7 Methyl alcohol 

8 Acetic acid 

9 Ethyl alcohol 
10 Acetone 


11 Propyl alcohol 

12 Propionic acid 

13 Dichlorhydrine (C^Hfi Cl,) 

14 Pyridine ^ 

15 Methyl acetate 

16 Methylal 

17 Methyl ethyl ketone 

18 Diethyl acetal [C9ll4(0£t)g] 

19 Isobutyl alcohol 

20 Bromal 
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21 Ethyl acetate 

39 Ethyl iodide 

22 Ethylaceto acetate 

40 Toluene 

23 Ethyl ether 

41 Bromoform 

24 Phenyl hydrazine 

42 I so butyl nitrate 

25 Amyl alcohol 

43 Nitrobenzene 

26 Aniline 

44 Isoamyl nitrate 

27 Malonic ether 

45 o-Methyl propyl benzene 

28 Heptylic acid 

46 Castor oil 

29 Amyl acetate 

47 Caprylidene (CgHje) 

30 Octyl alcohol 

48 Pinene 

31 Oineole 

49 Carbon disulphide 

32 Oaprylio acid 

50 Heptane 

33 Nonylic H<iid 

61 Kerosene (sp. gr. *8) 

34 a-Phellandrene 

52 Teal oil 

35 Chloroform 

63 Sperm oil 

36 Benzene 

54 Olive oil 

37 Methyl iodide 

56 Liquid petrolatum (Parke 

38 Carbon tetrachloiide 

Davis, sp. gr. *836) 


The following facts will be noticed: — 

(1) Replacement of hydrogen in liquid hydrocarbons by 
— OH, OOOH, OaHsOj, NHa, brings the position 
of the liquid nearer to the beginning of the miscibility 
table. 

(2) Replacement of H in a hydrocarbon by OH 3 brings 
the liquid nearer the end of the table. 

(3) Unsaturated hydrocarbons are nearer the beginning 
of the list than the corresponding saturated hydro- 
carbons. 

(Chemical Department^ University of Sydney.) 
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A NBW METHOD OP MEASURING MOLECULAR 

WEIGHTS. 

J. G. STBPHBNS, B.So. 

John Coutt^ Seuareh Scholar, 

(Commanioated by Prof. 0. K. Fawsitt.) 
f Read b(jfore tht Royal Society of N. 8, WaU$, Rovembtr B, 19I9.] 

Tub ordinary boiIing>point method tor the determination 
of molecular weights depends upon the fact that the vapour 
pressure of a solution is lower than that of the pure solvent. 
This same fact may also be employed as the basis of the 
following method in which the molecular weight of a 
material is measured by comparison with that of a standard 
substance. The theory of this method will be understood 
on reference to Fig. 1, where each of the side tubes of the 
vessel represented contains a quantity of some liquid. 
Suppose that a quantity of a (liquid) solvent containing 
some known solute is introduced into one side of the 
apparatus .whilst a quantity of the liquid containing some 
other soluble material is added to the other side. There 
will thus result two solutions which, having in general 
different concentrations of dissolved units, will accordingly 
possess different vapour pressures. A steady distillation 
will therefore occur from the solution of high to the solu* 
tion of low vapour pressure, and equilibrium will only be 
reached when the transfer of liquid from one vessel to the 
other has rendered the vapour pressure of both solutions 
equal. 

Now there is a principle stated by Ostwald that if two 
systems are In equilibrium one way, they must be in equi* 
librium in every way. It follows, therefore, that since 
these two solutions are in equilibrium as regards their 
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vapour pressure they must also be in equilibrium as regards 
their osmotic pressures. In other words the concentration 
of dissolved particles is the same in each solution. 

Upon this condition we have 
wi _ ih 

Vi va 

where vi and vj denote tfie volumes of liquid in the vessels 
A and B and iii and tlie number of dissolved molecules 
in these respective solutions. Hence, if mi and m 2 are the 
molecular weights of the two solutes, and wi and tv% the 
weights of solute added to each side, 

tni = ^ ^ 

Vi W2 Wi W2 

where Wi and W 2 are the weights of liquid in the vessels 
A and B. The actual form of the apparatus employed to 
determine molecular weights on the above principle is 
represented in the accompanying diagram (Fig. 1). The 
tubes A and B are ground into the connecting limb C, by 
which the two solutions are placed in communication. The 
space above the liquids was exhausted of air in order to 
secure more rapid distillation from one side to the other. 
Stirring of the solutions was accomplished by placing glass 
rods in each of the tubes A and B and then rocking the 
whole apparatus on a mechanical rocker of special con- 
struction. 

In order to conduct a molecular weight determination 
with the above apparatus, all that was necessary was to 
place a weighed quantity of the substance (solute) in one 
of the tubes, and a weighed quantity of some other sub- 
stance of known molecular weight in the other tube* Each 
of the tubes was then filled about two-thirds full of some 
liquid solvent, in which both of the substances were soluble. 
The exact amount of solvent added to either tube is im- 
material. After fitting the tubes into the connecting limb, 
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Fig. 1. 


the space within the apparatus was 
evacuated by connecting D to a 
filter pump. When working the 
volatile solvents, such as ether, it 
was found advisable to place some 
shredded platinum foil in the tubes 
B and C, to prevent the bumping 
which would otherwise occur. 

As regards the clioice of a sol- 
vent, volatility is essential for rapid 
determinations, but the exact state 
of purity of the solvent does not 
seem to be of great importance. 
Both the solutes should be much 
less volatile than the solvent 
employed, and must not undergo 
^ association in solution. 

The|whole apparatus was allowed 
tostand forabout forty-eight hours, 
after which time the tubes ^ and D 
were weighed, and the ratio of the 
weights of liquid in the tubes deter- 
mined. This procedure was con- 
tinued until the ratio of liquid in the 
tubes became constant, when the 
molecular weight was calculated 
from the formula developed above. 


As an example of the method, the following case is given 
where benzene was used as the solvent and azobenzene 
was the substance of known molecular weight:— 


Bointes 


Weight of unknown substance 1*3586 
Weight of azobenzene 1*0343 
Weight of benzene in A after 48 hours 8*0512 
Weight of benzene in B after 48 hours 16*3907 
Molecular weight calculated, (after 48 hours) =^117*0 
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Weight of benzene ia A after 90 hours 8*4401 
Weight of benzene in B after 90 hours 15*9302 
Molecular weight calculated, (after 90 hours) = 126^2 

Weight of benzene in A after 108 hours 8*0202 
Weight of benzene in B after 108 hours 15*1160 
Molecular weight calculated, (after 108 hours) --126*2 

The theoretical molecular weight of the unknown was 
128, which suffices to indicate the degree of accuracy which 
may bo obtained by the method. 

Using ether as a solvent, however, the same measure of 
success was not obtained, doubtless owing to the evapora- 
tion which occurred in removing the tubes for weighing. 
The apparatus used with ether was slightly different in 
form from that described above. It consisted of two small 
retorts cutoff at the neck and connected by a tightly fitting 
rubber tube. The evacuation was effected by immersing 
the bulbs in hot water and inserting the stoppers while the 
ether was still boiling. The rapidity with which the 
equilibrium condition was approached with this modification 
of the apparatus suggests that the time necessary for a 
determination could be considerably diminished by working 
at temperatures higher than that of the atmosphere. 


The results obtained by the method first described may 
be summarised as follows: — 


Sol vent. 

SubMlanco 

di'tcrmined. 

Substanoo 
for conipnriMon. 

Mol. Wt. 
determined. 

Mol. Wt. 
theoretical, 

Benzene 

Naphtbalene 

Azobenzene 

126-2 

128 

Benzene 

Azobenzene 

Beuzopenone 

181-0 

182 

ffillier 

Azobenzene 

Diphenylamine 

173-7 

182 

Water 

Glucose 

Cane-sugar 

160-0 

180 


It will be seen from these figures that the scheme out- 
lined above affords a satisfactory practical method of 
molecular weight determination. The ease with which 
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measurements may be oonduoted need not be emphasised. 
After the work which forms the subject of this paper bad 
been completed, my attention was drawn by Mr. J. W. 
Hogarth of the University, to papers by Blackman and 
Barger,’ in which a somewhat similar method is described. 
As the principle of Blackman’s method is slightly different, 
however, the present description may not be entirely with- 
out value. 

In conclusion I wish to express my thanks to Professor 
O. B. Fawsitt, for much advice and encouragement in the 
course of the present investigation. 

Chetnieal Laboratory, Univertiiy of Sydney, 


Cbsn). Soe., 1906, 87. 1^74. 
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THE ANALYSIS OF TOLUENE AND BENZENE IN 
COAL TAR OILS. 

By Qeorqb Harksr, d.sc. 

Assistant Lecturer mid Demonstrator in Organic Chemistry ( Pure 
and Applied) in the University of Sydney^ 

[Read before the Royal Society of N, 8. Wales, June 7, /Pitf.] 

At the outset of certain munition work dealing with 
toluene, which had been undertaken on behalf of the Federal 
Munitions Committee, it became necessary to find a reli- 
able method for the estimation of toluene and incidentally 
of benzene in coal tar oil. Reference was made to 
standard works of analysis, and several papers on the sub- 
ject which had appeared in recent chemical literature 
were consulted. It was found that while the methods 
employed were similar in general principle they differed 
very considerably in detail. In most cases after a pre- 
liminary distillation of the coal tar oil to a temperature of 
150'* to 170% followed generally by a purification of the oil 
so obtained with sulphuric acid and soda, resort is had to 
a distillation test which varies greatly as given by different 
authors. In this distillation test, which must be carried 
out under rigid conditions, the volume of distillate at cer- 
tain fixed temperatures is noted, and by reference to a table 
the percentage of toluene is estimated. The range of any 
of these tables correlating volumes of fractions collected 
up to and between certain temperatures with benzene and 
toluene content is more or less limited, the table may 
only hold good for samples containing between 50 and 75 
per cent, of toluene, in which case other samples must be 
mixed with benzene, toluene, or xylene before distillation.^ 
James on the other hand,^ employs three preliminary dis- 
tillations to separate the oil into three fractions, No. 1 

^ H. G. Coldman, Joum. Boe, Chem, Jiwf., vol. 3t, p. 16S. • vol. 86, 
pp. 286 - 240. 
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below 110*6*, No. 2 from 110*6 to 140', No. 3 above 140'. 
A distillation test is then applied to Nos. 1 and 2, and a 
table for each is provided whereby the percentage of toluene 
is estimated. 

From the divergence of the methods described, and in 
view of the more or less limited range covered by any of 
the distillation tables correlating volumes of fractions col> 
lected up to and between certain temperatures with benzene 
and toluene content, it was not considered advisable to 
proceed with the analysis of any samples of coal tar oil 
before making a series of blank experiments in which pure 
benzene and toluene in known quantity could be used. This 
was done in the 6rst instance, to determine the reliability 
of the distillation test under observed conditions. As it 
was found that consistent results could be obtained from 
two or more distillations of any given mixture of benzene, 
toluene and xylene, provided the conditions were kept con- 
stant, the blank test method, as will be explained later, 
was used for the final determination of the benzene and 
toluene content of the coal tar oil samples, it being con- 
sidered that this method was as quick and reliable as any 
that could be used. Fortunately for the purpose of the 
blank tests Kahlbaum’s pure chemicals were available. 
The benzene and toluene boiled constantly at 80*2' O. and 
110*5' O. respectively, and a sample of Kahlbaum’s xylene 
(containing evidently the isomers of xylene) which was also 
used, distilled over between 134' and 130', but mostly 
between 136' and 138'. 

A Toung and Thomas still-head of five sections was 
employed to assist fractionation, as giving greater definition 
than an ordinary distillation fiask, and the rate of distilla- 
tion was kept at one drop per second. The same still-head 
and rate of distillation were maintained throughout the 
analytical work on all samples and blank tests. 
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When miitures of benzene and toluene were distilled, in 
which benzene was in the proportion of 3 : 1 or 4 : 1 to the 
toluene, it was found that under the conditions of experi- 
ment outlined above, the number of c.c. equal to the 
volume of benzene present distilled over when the temper- 
ature reached 90* O. or thereabout. When the benzene 
and toluene were in equal proportions, as for example, 
when distilling a mixture of 50 c.c. benzene and 50 c.c. 
toluene, the first 50 c.c. came over slightly above 05* O. 
Additions of xylene meant that the temperature of the 
mixture had to be raised still higher before the volume of 
distillate corresponding to the benzene fraction came over. 
These results were to be expected, and experiments were 
then made on mixtures of benzene, toluene and xylene in 
order to obtain some idea of the limits of temperature for 
the toluene fraction as well as for the benzene fraction 
with varying mixtures. The tests were useful in giving 
data for the approximate estimation of the benzene and 
toluene content of the samples examined later. Thus a 
mixture containing benzene and toluene in nearly equal 
proportions (the benzene preponderating), with a small 
proportion of xylene, had to be distilled to about 95* O. to 
give the volume of distillate equivalent to the amount of 
benzene contained in it, while the toluene figure was given 
by the volume of distillate collected between 95* and about 
130* O. This kind of mixture was met with frequently in 
analysing the coal tar oil samples. The actual content of 
benzene and toluene present in the samples was obtained 
by carrying out a blank test after each distillation of the 
sample oil. In this blank test to the residue left in the 
flask, quantities of benzene (Kahlbaum’s) toluene and xylene 
were added in accordance with the approximate estimation. 
The mixture was again distilled, whereby any error in the 
first estimation was corrected. 

An actual analysis of tar oil for benzene and toluene will 
now be described. 
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A preliminary distiliation of the oil up to 170° 0. wag 
first made in an ordinary distillation fiask (without still* 
bead) in order, while retaining ali benzene and toluene, to 
separate a great portion of the higher boiling substances. 
The oil thus obtained was waslied with sulphuric acid and 
caustic soda according to the method of Davis, as given in 
Lunge and Keane, vol. 2, part ii, p. 767. The washed oil, 
after standing overnight in order to complete the separa- 
tion of water, was then distilled under the conditions out- 
lined at the beginning, using the same round-bottomed flask 
and still-head as for the preliminary tests. 

The paraffins present in the sample of coal tar oil were 
estimated either in the benzene or toluene fractions separ- 
ately, or in the combined fraction. Generally speaking, 
the proportion of paraffins in tlie benzene or toluene frac- 
tions was about tlie same. The estimation was carried 
out with anhydrous sulphuric acid.^ 

Blank tests were first carried out with pure benzene and 
toluene, using lOc.c. of anhydrous sulphuric acid and 5c.c. 
hydrocarbon. In both cases the hydrocarbon was rapidly 
sulphonated and dissolved. The method was then tested 
on a sample of light ligroin distilled up to 100* 0., and on 
mixtures of this with benzene and toluene, and found to be 
quite reliable. In carrying out an actual determination 
after sulphonation in a 100 c.o. cylinder, the liquid was 
poured into a small measuring cylinder whereby the volume 
of oil floating on top of the sulphonated liquid could be 
more accurately estimated. 

Bstimation of benzene and toluene in samples of coal tar 
oil, marked I, II and III, from the Sydney Municipal 
Council (Wattle Street Depdt). 

Sp. gr. at 17* 0. 0*928, 0*98, 1*012. 

Lung* and Keane, vol. 3, pp. 790, and Allen, 4th Ed. vol. 8, p. 841. 
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Prelimiaary distillatioa of 250 c.c. in an ordinary distill- 
ation flask at 170* 0. 

I. II. III. 


Distillation Temp. 

C.C. 

C.C. 

C.C. 

100* 

18 

10 

5 (including 2*5 c.c 

130“ 

100 

17 

water) 

160* 

135 

40 

6 (including 3*0 c.c. 
water) 

170* 

16.3 

70 

10 

Left after waihing 
with oonc. HgS 04 
and NaOH 

136 

53 

benzene and toluene 
preeent in very 
•mall amounts. 
Not further exam 


The next step consists in the distillation of the washed 
oil from samples I and II in a round bottomed flask pro- 
vided with still-head, the distillation being carried out as 
nearly as possible at the rate of one drop per second. After 
completing the distillation and measuring the residue, the 
latter is put back into the distillation flask and the esti- 
mated quantities of pure benzene, toluene, and xylene 
added. The blank test is then performed. 

JVo. I. Samplt. 


68 o.c. of washed oil. 

Blank oonsistinf^ of 
20 c.c. btosene, 22 c.c. 
toluene, 8 c.o. xjlene, 
and 23 c.c. residue. 

Bemarlis. 

73* drat drop 

80” 


80 1 C.O. 


1 The blank would 

85 3*5 ao. 

4 o.c. 


90 12 

14 

have been nearer 

95 18 

18 


100 19 

20 

the sample if 20 o.c, 

105 21 

22 

no 23 

26 

toluene and 5 c.c, 

117 SI 

36 

xylene had &'eii 

130 39 

41 

140 44 

44 

Residue 24 

68 O.O. ! 


used. 
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In distilling the sample oil, tbe residue is always measured 
in order to provide a check against possible losses in dis> 
tillation. It sometimes occurs that the distillation loss 
exceeds 2 or 3 c.c., in this case the distillation most be 
repeated. 

A com|>arison of the distillation figures for the sample 
and blank leads to tbe conclusion that 19 c.c. of benzene 
and 20 c.c. of toluene were present in the 68 c.c. washed oil, 
or 15*2 per cent, of benzene and 16*0 per cent, of toluene 
in tbe original No. I oil. The paraffins etc., contained in 
the benzene and toluene were estimated by sulphonating 
5 c.c. of tbe mixed benzene and toluene distillate; 0*2 o.o. 
of oil was left equivalent to 4 per cent, of paraffins. This 
proportion of impurities of uncertain boiling point is too 
small to effect to any extent the comparison of the distill- 
ation figures of the sample and blank. 


iVb. II. Sample. 



Blank consiitinf^ of 


53 C.O. of wMbed oil. 

3 c.c. benzene, 13 c.c. 
toluene, 8 c.c. zjlene, 
and 30 c.c. residue. 

Bemarks. 

71* firgt drop 

87* first drop 


80 0-6 C.C. 

Proportions for 

85 10 

90 20 


blank test badly 

96 30 

100 

2 0 c.c. 

estimated owing to 
large ratio of higher 

105 5-0 

no 6'0 

3-0 

3’6 

boiling constituents 

117 no 

6 5 

to the lower boil- 

ISO 180 

no 

ing. 

140 230 

16-0 

Residue 30*0 




It is clear that the benzene in tbe sample must have 
been between 4 and 4*5 o.o., and since 15 c.c. (equal to 
volume of the 3 c.c. benzene and 12 c.c. toluene added) were 
distilled over from the blank between 130* and 140*, it is 
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estimated that 17 o.o. of toluene were present in the sample, 
i.e., 21 0 . 0 . of benzene and toluene together. This gives 
1*6 per cent, benzene and 6*8 per cent, toluene in oil No. II. 
It is quite exceptional for the Orst approximation to differ 
so much from the true content as shown by the blank test, 
and in order to confirm the figures a second blank test 
should have been performed. The paraffins were present 
to the extent of 4 per cent. 




Macrozamia Spiralis as a Source of 
industrial Alcohol. 

By GEORGE lURKER. BSe. (Syd.), D3c. (LwdM).* 

I. — GkXBKATv. 

Macrozaniia or the Zumia palm (known in New South Wales also 
as burrawaiJg or native pine-apple) is a gymnosperm belonging to the 
Cycad family. There are two mam species common in Australia. 
These are Macrozamm spiralis, of New South Walas and Queensland, 
and M. fraseri, of South-west Australia. In New South Wales, the 
palm grow-^s usually to a height of 2 or 3 feet, with a stem 1 or 2 feet 
in diameter. The Western Australian species is decidedly stouter than 
the eastern, and in exceptional cases attains a height of 10 or 12 feet. 
The plant chiefly occurs in poor land of little value for agricultural 
purposes, but is equally at home in damp low-lying soils and on stony 
hillsides. In. such localities in the coastal regions of both New South 
Wales and Western Australia the plant often forms a dominant element 
of the v^etation. Many thousands of acres are covered by it, for 
example, in the vicinity of Nelligeu, near iiateman^s Bay, and in the 
Kincumba district, near Gosford. In Western Aiwtralia it is very 
plentiful along the south-western railway line, almost all the way from 
Perth to Busselton, a distance of about 130 miles, whilst it also occurs 
in great abundance on the western slopes of the llarling Range, 

In connexion with the work of the Special Committee appointed 
by the Institute of Science and Industry to investigate the question of 
the manufacture and use of power-alcohol, it was considered desirable 
to inquire into the possibility of utilising macrozaniia as a raw material 
for the manufacture of alcohol. The investigation to which this report 
relates was accordingly undertaken, primarily for the purpose of deter- 
mining the amount of alcohol yielded by Macrozaniia spiralis collected 
in different districts of New South Wales at different stages of growth, 
and at varying periods of the year. It was also desired to obtain infor- 
mation regarding the amount of starch present in the plant. It was 
decided to examine the outer, ajs well as the inner, core of the bulbs, 
as, up to the present, only the inner core has' ever been treated. This 
entailed twice as much work, but the results obtained more than justifled 
the expenditure of the extra labour. By arrangement with the Forestry 
Commissioners of New South Wales, samples of macrozamia wew» 
collected from different localities in the State, and at different times of 
ike year. These were sent to the Sydney University, where the investi- 
gations were carried out on behalf of the Institute of Science and 

« Oenuioi«a« of OiXAtilt: and AjwHed Chemiitrr, UolveiRity of Sydttty. Member of Bp(*clAJ 
Obmmlttfltcf lti«*Uut« of Solenoe awdTiJidtMtry on Power- Alcohol. 




Industry. The bulbs always arrived in excellent condition, and grate- 
ful aoknowledgment is made to tbe Forestry Commissioners for their 
valuable assistance in providing the raw material.* 

On arrival of a batch of bulbs at the University, the leaves were 
stripped, each bulb being weighed, the outer core removed and weighed, 
and the weight of inner C 9 re obtained by difference. The outer and 
inner portions were separately ground, first through a coarse sieve and 
afterwards through a fine sieve. The material was then sampled, and 
several pounds weight were thoroughly air-dried and kept for the 
chemical investigation. The loss of moisture on air-drying was deter- 
mined on a kilogram portion. The material when air-dned could 
kept, without fear of decomposition, until an opportunity for the 
chemical investigation presented itself. The grinding of a wet fibrous 
material such as macrozamia i.s a difficult matter, but it was carried 
out with satisfaction in the 5 horse-power Van Gelder grinder machine 
which had been installed for the purpose. 

Four different parcels of bulbs wore received from the Forestry 
Commissioners — two from Bateman’s Bay (South Coast) and one 
from Wyong, a district about 50 miles north of Sydney, and one from 
Murwillumbah, Tweed Hiver. The six buMis from Wyong were small, 
and had evidently been dug out of sandy soil; on account of their small 
size these bulbs received were taken for investigation in three lots of 
two bulbs each. The bulbs from Murwillumbah were more cylindrical 
in shape, and grew chiefly above ground. The bulbs from Bateman’s 
Bay were similar to those from Wyemg in shape, but were larger and 
grew chiefly above ground. They were, however, conjsiderably older 
than those from Wyong. All the specimens were identified by Mr. J. 
JI. Maiden, F.R.S., Director of the Botanic Gardens, Sydney, as 
Macrozamia spiralis. The approximate age of the bulbs was computed 
by counting the annual growths. 

The largest of the bulbs weighed 388 lbs., and its age was computed to 
be 120 years; the smallest weighed only 18 lbs., its age being 65 years. 
The average yearly increase in weight during the total period of growth, 
for the inner core, ranged from 0.1 to 1.6 lbs., and for the outer core, 
from 0.1 to 4.3 lbs. 


II. — Mkthodh of Investioatiow. 

In order to obtain alcohol from macrozamia, the contained starch 
must first be converted to sugar and then fermented. In a preliminary 
Investigation, inversion of the starch was effected by both diastase and 
by acid hydrolysis, and the yields of alcohol compared. The results 
were very similar, those from the acid hydrolysis being generally slightly 
greater. For tbe main investigation, acid hydrolysis was chosen, chiefly 
because better control is obtained. The chemical analysis was carried 
out by Miss Hindraarsh, B.Sc., Demonstrator in Physiology, Sydney 
University, and Mr. A. Kellick, Demonstrator in Chemistry, Sydney 
University. 

* Th« FV>rMtr 3 ' ComniiMlon. N.S.W., advlae* that the eoNt of obteiniufr »nd deliverinir on wharf 
at Bateman's Bay of the coree only (outer coverine removed) wouM be about S0». per ton. — 
Ko. S. and T. 
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The ' percentage of alcohol in solution, the quantities of alcohol 
obtained from tho whole bulb, and from the inner and outer parts of 
the core, respectively, are shown in the following table : — 

TABLE T.—MACROZAMIA INVKSTKiATIONS. 


Yield ft oj Alcohol from llulbit. 


laHtrU-t. 

Ruft-n'n**e 

Namber. 

IVr Out. Ah'nfiol 
ill Huhitloii. 

1 . 

l^all(>ii» Aiiiibol 
Ironi fftfh Viirtlon 
u( Unlb 

Gatloim 
Alrnbul from 
Whole Uull». 

Inner. 

j Outer. 

Inner. 

Otitcr. 

Bateman’s Bay 

1 

0*80 

1-34 

0*131 

0*772 

0*903 

2 

1*55 

1*79 

0*1.32 

0*649 

0*681 


:i 

1-.30 

101 

0*222 

0*439 

0*71.5 


4 1 

1-31» 

117 

0*471 j 

0*776 j 

1*246 


a 

2-00 

1 -06 

0*457 

0*720 1 

1*177 


a 

2 09 

(>•56 

1*010 

0*273 

1 *283 


7 

2!« 

0-79 

1*781 

0*631 

2*412 

Wyoni? 

1 

0-34 

0-94 

0*009 

0*134 

0*143 

2 

lift 

1.34 

0*1.56 

1 0*605 

0*761 


3 

105 

l)*73 

0*041 

0*131 

0*172 

Murwilluinbah 

1 

013 

0*10 

0*003 

0*003 

0*(KM1 


2 

0-47 

0*20 

0*022 

0*005 

0*027 


3 

0*92 

0(H 

0*008 

0*002 

0*100 


The gallons of alcohol yielded per ton (2,240 lbs.) by tho inner and 
outer portion of each undried bulb, and also the gallons ])or ton yielded 
by each eornplete undried bulb, were thus obtained, and are given in 
Table II. 


TABLE II.— MACROZAMIA INVESTIGATIONS. 
Yields of Alcohol expressed in Gallons per Ton. 


niftrlet. 

Reference 
X iimt/er. 

flullons 
Pure Alcohol 
per Ton 
Inner Cow, 

Gallons 
Pure Alrohol 
pi^r Ton 
Outer Core. 

flnlloim 
Pure Alcohol 
H’r Ton 
Whole Bulb. 

Bateman's Bay 

1 

8*38 1 

14*50 

1313 

2 

18*46 

21*77 

21 *04 


3 

12*44 

9*87 

10 *.54 


4 

14*08 

11*65 

12*46 


.> 

19*70 

10*08 

12*99 


6 

19*32 

4*86 

11*83 


7 

20*35 

7*64 

13*92 

Wyong 

1 

2*60 

7*68 

6*80 

ft • 

2 

10*62 

14*42 

13*43 

ft • 

.3 

t 7*10 

5*03 

5*93 

Murwillttmbab 

1 

1 1*41 

0*69 

0*70 


*» 

4*12 

1*42 

3*05 


3 

7 *.56 

0*29 

4*97 
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The residual moisture in the air-dried samples (obtained by heating 
weighed quantities in a steam oven) was found to vary very little, 
and the average figure for six different samples was found to be 11.3 
per cent. 

IT I. OOXCLUBIONS. 

The first deduction from the figures for the yield of alcohol is that, 
as a source of industrial alcohol, the bulbs from the Murwillumbah 
district were useless, while those from Wyong gave considerably less 
alcohol than those from Bateman’s Bay. The interost in this result lies 
in the fact that the principal supplies of mnerozamia in IN'ew South 
Wales are found in the South Coast districts. 

The next point of importance brought out by the invostigatio'n is 
that, contrary to expectation, the outer cores of the bulb yield consider- 
able quantities of alcohol, and in several instances, as shown in Table 
II., larger yields of alcohol per ton wore obtained from the outer core 
than from the inner core of the same bulb. 

The Bateman’s Bay bulbs were the only ones of which samples were 
obtained at different periods of the year, and closer study of the results 
from these bulbs indicates fairly definitely that a transference of starchy 
material from the outer to the inner core takes place at certain seasons, 
and that consequently at these periods the inner core is richer and the 
outer core poorer in starch than at other seasons. If the figures for 
the first five bulbs collected in October, 1918, arc taken, it is found 
that 218 lbs. of inner core give 1.414 gallons alcohol, while 587.5 lbs. of 
outer core gave 3.309 gallons, corresponding to yields per ton of 14.52 
gallons from the inner core and 12.83 from the outer core. For the 
whole bulbs, 805.5 lbs. gave 4.723 gallons, or 13.13 gallons to the ton. 
The ratio of weight of outer core to inner at this period of the year 
was 2.7 : 1. 

For the two bulbs collected in January, 1919, the figures were: — 
318 lbs. iuner core gave 2.791 gallons; 318 lbs. outer core, 0.9047 gallons; 
corresponding to yields of 19.97 gallons and 6.37 gallons per ton for 
the inner and outer cores, and 13.12 gallons for the whole bulb. The 
weights of outer and inner cere were in the ratio of nearly 1 ; 1. The 
leaf bases of the specimens collected in October were very rich in starch, 
and the analysis indicates that in the period between October and 
January a large portion of the starch from the outer core was trans- 
ferred to the inner. The outer core decreased in weight relatively to 
the inner, while the percentage of .starch in the weight of the whole bulb 
remained very constant. Further investigation on samples of bulbs 
collected throughout the year is necessary to confirm these results, and 
to determine at what period in the year the starch-content of the inner 
core reaches its maximum. 

In regard to the starch-content of the plant, Table Til. gives the 
percentages of starch obtained by calculation from the yield of alcohol 
on fermentation. It was hoped to determine the starch hy other 
methods, but, although some preliminary tests have been carried out by 
Miss Hindmarsh on this portion of the work, no time has been avail- 
able to provide separate figures. In fermenting starch solutions from 
raw products, a theoretical yield of alcohol is not to be expected, and 
consequently starch percentages calculated from alcohol results tend to 
bp low. On the other hand, not all of the fermentable eugar present 
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after hydrolysis Is n^essarily due to starch, and this tends to make the 
staroh pefwentages higher than they really are. In the present investi- 
gation It is considered, in view of certain tests made, that nearly all of 
the fermentable sugar was derived from the inversion of starch, and 
oonaequently the figures given for starch in Table IIT. may be low, 
but only to a slight degree. 

TABLE III.~~MACROZAMIA INVESTIGATIONS. 


Percentage of Starch calculated from Yield of Alcohol, 


DUtrict, 

Il«feTence 

Number. 

For Opnt. 

Stamh 
Inner Coro. 

Per Cent. 
Starch 
Outer Cota, 

Per Cent, 
atorch 
Whole Buib. 

■teman’s Bay 


1 

r>-23 

9-05 

8-19 



2 

U'32 

13 58 

13-12 



3 

7*7e 

616 

6-58 



4 

8-78 

7-27 

7-74 



5 

12-30 

6-66 

8-11 



6 

12 05 

3 03 

7-38 

»» »» • • 


7 

12-70 

4-77 

8-68^ 

lyong 


1 

1-50 

4-79 

4-24 

• • 


2 

8‘63 

9-00 

8-38 

• • - • 


3 

4-43 

3-51 

3-70 

urwillumbah 


1 

0-88 

0-43 

0-44 

»• . . 


2 

2-57 

0-89 

1-90 



3 

4-72 

0-18 

3-10 


The results from Bateman^s Bay gave the best and most consistent 
results, and on summing these up it is found that 531 lbs. inner core 
gave 4.025 gallons alcohol, equivalent to 17.73 gallons (18.67 of 95 per 
cent.) alcohol per ton; 905.5 lbs. outer core gave 4.214 gallons, equi- 
valent to 10.43 (10.98 of 95 per cent) gallons per ton; while 1.436.5 lbs. 
of the whole bulbs gave 8.435 gallons, equivalent to 13.13 (13.82 of 95 
per cent.) gallons per ton. The percentages of starch corresponding to 
these figures are — inner core, 11.06; outer core, 6.51; whole bulb, 8.19 
per (^ent. 

Bulletin No. 6, on the subject of Power Alcohol, issued by the 
Institute of Science and Industry, contains a table, page 19, giving the 
percentages of alcohol obtainable from various substances. The yield 
from macroaamia is set down as 18 gallons per ton. This figure refers 
to the alcohol obtainable from the inner core, and is thus iu agreement 
with the average figure from the inner cores of the Bateman’s Bay 
series. 

The age of the bulbs and the rapidity of growth has a very important 
bearing on the question of utilising macrozamia as a source of industrial 
alcohol. Professor Lawson stated at the outset that the growth of those 
plants is very slow indeed. This was confirmed by an examination of 
the bulbs used for the purposes of the present investigations. The 
average yearly increase in weight of the Murwillurabah bulbs is much 
less than that of the bulbs from the two other districts. The growth of 
the plants being so slow, it is clear that the economic use of macrozamia 
depends upon the quantity of material already available. 
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From the point of view of alcohol production, the high fibre-content 
of the bulb is a disadvantage, since the solutions for fermentatioi). miLSt 
be considerably diluted w'ith water in order to make it possible to woric 
with them. This applies more particularly to the outer cores, the fibre- 
content of which is generally very high. The high fibre-content of the 
outer cores is shown in Table IV., which gives complete figures for 
some of the Batoriian’s Bay series. 

TABLE IV.— MACROZAMIA INVESTIGATIONS. 

Partiru^arA of Baternan'a Hay Bulba. 


R«fFrcnco N'unibcr. 

Total 

Water. 

Fibre. 

Starch. 

Soluble Extract 
in addition 
to Starch. 

1 . 

Outer 




531 

16*3 

91 

21 -fl 

4, 

Outer 




57-2 

17-3 

7*3 

17-7 


/Inner 




02' 1 

6'2 

121 

19*0 


muter 




62‘3 

20*7 

30 

14-0 


/Inner 




61-3 

7-8 

12-7 

18*2 

I. ‘ 

t Outer 




59- 1 

1 

20*9 

4*8 

15-2 


Tt would probably be possible to hydrolyze tho fibre and convert it 
into fermentable sugar. If this could be done cheaply, not only would 
the yield of alcohol he increased, but the trouble caus^ by the presence 
of so much fibre would be removed. Xn this connexion it should be 
noted that wood has been used coinmercially as a source of alcohol, and 
that hopes are entertained of hydrolyzing peat and making use of it. 
An experiment conducted with more concentrated acid on the fibre of 
macrozamia showed that it appears to hydrolyze readily, and a good 
yield of bodies, which reduced rehliiig’s solution, was obtained, but no 
attempt was made to determine whether alcohol could be produced from 
them. Until some use can be found for the fibre, or it can be proved 
advantageous to completely hydrolyze it, attention must be confined to 
the inner core as a source of alcohol. In this connexion there is the 
possibility that the residue left after fermentation may prove of value 
as a cattle fodder. High fibre-content is a hindrance to the extraction 
of starch, so that it appears unlikely that the outer core has any value 
at the present time. This makes it all the more necessary to determine 
at what period of the year starch-content of tho inner core reaches its 
maximum. 

In conclusion, acknowledgment is made to Mr. Gilbert Wright, 
Lecturer in Agricultural Chemistry, University, without whose interest 
and assistance tho investigation could not have been carried out. 


Alsixt J. MCLLzrr, Govornmeni Printer, Melbourne, 
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A NOVEL APPLICATION OP BROMINE WATER IN 

SYNTHETIC ORGANIC CHEMISTRY. 

By John Read, m.a., and Maroahbt Mart 

Williams, b.8o. 

[EmmI b^ore tht Eoyal Scdtty ^ N.8. Walet, Dteember S, /ff/T.J 

Bromine water is often used as a test for unsaturation in 
tlie molecule of organic substances : decolourlsation of tbe 
reagent being taken to indicate the presence of tbe ethy* 
lenio or tbe acetylenic linkage. In the former case, the 
reaction has usually been assumed to yield solely a dibromo- 
compound, in accordance with the subjoined general scheme: 

RRiC : CRiRs *1* Brj = RRiCBr’CBrRtRs. 

We have recently been able to show, however, that in 
tbe simplest and best>known case of this kind, namely, 
that of ethylene, the yield of the dibromide may under 
suitable conditions fall quite low, the bulk of the product 
being ethylene bromohydrin. In this instance the bromine 
water is thus an efficient source, not only of bromine, but 
also of bypobromous acid, and the two reactions represented 
below take place concurrently:-* 

(1) HiO : OHf + Br, = H,CBr * CBrH, ; 

(2) H,C : CHj + HO‘Br = H«OBr*CH,OH. 

Of the total bromine used in a particular experiment, 
87*5 per cent, was converted to ethylene dibromide, 54*4 
per cent, was converted to ethylene bromohydrin, and the 
remaining 8*1 per cent, was eliminated as hydrobromio acid, 
formed by a partial decomposition of the bypobromous acid 
to hydrogen bromide and oxygen.^ 

From these figures it is clear that the relative percentage 
amounts of ethylene converted to dibromlde and bromo* 

* Tnutii Chom, Soo., vol. Ill (1017), p. SiO, 
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hydria were 40‘8 and 58*2, respectively. This yield of 
ethylene bromohydrln is equal to the highest reoorded as 
obtainable by the action of a carefully prepared solution of 
hypobromous acid upon ethylene. 

In view of tbe laborious and unsatisfactory methods used 
jn the preparation of aqueous solutions of hypochlorous and 
hypobromous acids and the consequent diflSculty of obtain* 
ing halogenohydrlns directly from unsaturated substances, 
it was considered of importance to ascertain whether the 
readily accessible reagent bromine water could be utilised 
as a source of hypobromous acid in other reactions of a 
similar type. 

The second substance to be selected for investigation In 
this connection was cinnamic acid. The result in this case 
was even more striking than with ethylene. We have been 
able to demonstrate tliat under suitable conditions cinnamic 
acid reacts speedily and quantitatively with bromine water, 
giving a yield of over 80 per cent, of the bromohydrln, i.e., 
)3-phenyl-u-bromohydraoryiic acid (commonly known as 
phenyl-a-bromolactio acid). The other product of the reac* 
tion is cinnamic acid dibromide: — 

(1) OsHs-OH.OH OOOH + HO*Br = 

OsHs * OflOH ' OH Br * OOOH; 

(2) 08H5 0H:0H 000H + Br* = 

ObHb* OHBr ' OHBr * OOOH. 

In order to obtain tbe maximum yield of the bromohydrln, 
the cinnamic acid is subjected to vigorous mechanical 
stirring in contact with about thirty times its weight of 
ice-cold water, into which a slow current of air charged 
with bromine vapour is introduced through a perforated 
glass bulb. 

Under these conditions absorption of the bromine takes 
place rapidly at first, but slackens gradually towards the 
end of the reaction. A very Slight excess over the calcu- 
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lated quantity ot bromine is suffloient to produce a per> 
manent yellow tinge in the liquid. 

When the absorption is complete the undissolved cinnamic 
acid dibromide is separated by filtration from the aqueous 
liquid, which contains the phenyl-a-bromolaotic acid in 
solution. This substance 4s readily isolated by extraction 
with ether, in which it is extremely soluble. The extracted 
aqueous liquid upon evaporation yields nothing beyond a 
further small quantity of cinnamic acid dibromide. No 
bromostyrolene appears to be formed in the reaction. 

The purification of phenyl-a-bromolaotic acid appears to 
iiave been effected in many cases by crystallisation from 
chloroform, notwithstanding its ready solubility in the cold 
solvent. The best results are obtained by crystallisation 
from hot water or from hot benzene or toluene ; the acid 
may also be crystallised from hot ligroin, in which, how* 
ever, it is only sparingly soluble. The pure acid dissolves 
to a clear solution in warm water. A slight admixture of 
cinnamic acid dibromide is sufficient to cause turbidity in 
such solutions, due to the formation of bromostyrolene; tlie 
latter substance may easily be removed by shaking the 
liquid with liglit petroleum. It may also be noted that 
phenyl-a-bromolaotic acid separates readily from aqueous 
solution, in the form of a crystalline precipitate, upon the 
addition of dilute sulphuric acid. 

After one recrystallisation from hot toluene, the acid 
prepared in the manner described above melted at 120*— 
122*. Upon adding an equivalent amount of silver nitrate 
solution to an aqueous solution of the acid, a rapid separa- 
tion ot the crystalline silver salt occurred; titration of the 
washed and air-dried salt with standard ammonium thio- 
cyanate solution indicated a silver content ot 30*28 per 
cent., tlie formula OgHsOaBrAg corresponding to 30*68 per 
cent. 



BROIONI WATIB IN SYNTBHTIC OROANIG CBBMMTBY. 


561 


The proceHses involved in the above reaction are eum- 
marieed in the appended scheme: — 

Br 2 + H-OH HBr + HO- Ur 

V 

GbHa- OHBr • OHBr • OO OH 0«H& • OHOtl • CH Br ( ’OOH. 

From tbis it is apparent tliat the production of every 
molecule of bromohydriu involves the formation of a mole- 
cule of hydrogen bromide. An excess of hydrobromic acid 
in the aqueous solution, over the amount arrived at iu tliis 
way, will be due to decomposition of hypobromous acid into 
bydrogen bromide and oxygen : — 

HO • Br = HBr + O. 

Any wastage of bromine occurring in tbis way may there- 
fore be traced by estimating the amount of hydrobromic 
acid in the aqueous solution. 

In a carefully conducted operation, 20 grams of cinnamic 
acid yielded 6*55 grams of cinnamic acid dibromide and 27*1 
grams of phenyl-a-bromolactic acid, CbH6‘OHOH-OHBr' 
OOOH + HiO. It is thus evident that the relative per- 
centage amounts of cinnamic acid converted to dibromide 
and bromobydrln were 17*1 and 82*9, respectively. 

The amount of bromine used in this operation was 21*3 
grams; from the data just quoted, the quantities utilised 
in forming dlbromide and bromobydrin were 3*40 and 16*49 
grams, respectively. Consequently, the wastage of bromine 
in the operation, due to the combined causes of decom- 
position of hypobromous acid and possible diffusion of 
unaltered halogen, was only 6*6 per cent. This result 
compares favourably with that obtained with ethylene, in 
which case the loss of bromine was 8*1 per cent. In both 
cases, however, since a certain loss of the reaction-products 
is unavoidable daring the process of their isolation, the 
actual wastage of bromine will be somewhat less than tbe 
above figures indicate. 
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These results having been obtained by using a suspension 
of cinnamic acid in water, it was next of Interest to inves- 
tigate the action of the reagent upon a neutral solution of 
a soluble salt of the acid ; for this purpose the cinnamic 
acid was dissolved in the minimum amount of sodium 
bicarbonate solution. Upon conducting the operation in 
ihe manner described above, the bromine was absorbed 
more rapidly than under the original conditions; and a 
heavy oil, accompanied by a small amount of crystalline 
material, separated from the solution. At the end of the 
reaction, a little dilute sulphuric acid was added to the 
liquid; the oil was extracted with light petroleum and 
identiSed as i9-bromostyrolene; the accompanying insoluble 
solid product proved to consist essentially of cinnamic acid 
dibromide. A third product, namely, phenyl-a-bromolactic 
acid, was extracted from the aqueous solution in the usual 
way by means of ether. 

In this way, 20 grams of cinnamic acid yielded 18*7 grams 
of phenyl-a-bromolactic acid, 1*9 grams of cinnamic acid 
dibromide, and 10*5 grams of /f-bromostyrolene. Thus, the 
relative percentage amounts of cinnamic acid converted to 
bromohydrin, dibromide, and /3-bromostyrolene were 52*8, 
4*6, and 42*6, respectively. The amount of bromine used 
was 21*3 grams; and an examination of the above figures 
shows that both the cinnamic acid and the bromine are 
quantitatively accounted for. 

The interesting result is thus revealed that by modifying 
the conditions of the reaction in this simple manner the 
yield of bromohydrin falls from 82*9 to 52*8 per cent., the 
yield; of dlbromide falls from 17*4 to 4*6 per cent., and a 
new ^Ifbduct, /S-bromostyrolene, is formed to the extent of 
42*6 per cent. The last named substance being evidently 
derived by decomposition of the sodium salt of cinnamic 
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acid dibromide, the complete series of reactions involved 
may be summarised as follows: — 

Brj + HOH HBr + HOBr 

■ 1 1 

OSHsOHBrOHBrOOONa CfeHsOHOHOKBrCIOOH+NaBr 

i 

OeH,OH:OHBr+NaBr+OOj. 

Quite apart from the general interest of these results, 
the reaction which forms the main subject of this com- 
munication is obviously of value as aflording a greatly 
improved method for the preparation of phenyl-o-bromn- 
lactic acid. As far as can be ascertained, the only method 
hitherto available for this purpose has Involved the pro- 
longed boiling of cinnamic acid dibromide with water;^ as 
is well known, this process is vitiated by the formation of 
appreciable quantities of bromostyrolene and other by- 
products. 

Phenyl-tt-bromolactic acid is of interest because of the 
ease with which it is converted into pbenylacetaldehyde, a 
substance which, owing to its intense hyacinth odour, is 
used to some extent in perfumery. The conversion is 
brought about by treating the phenyl-a-bromolactio acid 
successively with caustic alkali and dilute sulphuric acid:* 

0,H»’OHOHOHBrOOONa + NaOH = 

OeHs OHOH OOONa + NaBr + HjO. 

\ 0 / 

ObHbOHOH OOOH = CWIbOH, OHO + OO4. 

\o/ 

It is apparent that the reaction described above facilitates 
very considerably the preparation of pbenylacetaldehyde 
from cinnamic acid. 


* Qlaaer, Liebig’s AbmIbii, toL U7, p. 84. 

* Brlenmeyer and Lipp, Liebig’s Annslen, vol. 819, p. 188* 




564 


J* BBAD AND M. H. WIUiilAHS. 


In continuation of the work outlined in this paper, it is 
proposed to investigate various other aspects of this method 
of halogenohydrination. Some possible applications of the 
reaction in synthetio and other organic chemical processes 
are worthy of consideration, particularly, it would seem, 
in connection with the preparation of synthetic drugs. The 
use of ethylene bromohydrin in the novocaine synthesis is 
a case in point; further, the grouping :0(OH)‘0(NHR):, 
so readily derived from the closely related halogenohydrin 
grouping, :0(OH) C(X): , appears to possess a considerable 
degree of physiological importance. In conclusion, it may 
be remarked that the presence of so many ethylenic con- 
stituents in the Australian natural essential oils lends an 
additional interest to the reaction. 



[Bmrinted from the Journal of the Society of Chemical Indmtry, 
August mth, 1919, VoL XXXVIIl, pp. 319, 320 t.] 
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MEETING HELD ON MAY ‘26th, 1919. 

Mil. B. J. SMAUT IN THE CHAIR. 

Note on a Papuan Natural Petroleum 

BY 

JOHN READ, M.A., Ph.D., & MARGARET MARY WILLIAMS, B.Sc. 


The Investlgatioii of which a summary Is here 
given was carried out in lOlC. Publication was 
deferred for the time being, In the hope that larger 
supplies of the material would become available for 
examination, but this expectation has not yet been 
rt'allsed. Owing to the small amount of material, 
many of the operations could not be carried out In 
duplicate; and for the same reason a thorough 
fractionation of the oil was Impracticable : these 
limitations should be borne in mind in considering 
the appended numerical data. 

First sample. 

The first sample (Vallala Oilfield, Papua) 
possessed a light brownish-yellow colour with a 
bluish fluorescence, and readily yielded water-white 
material on distillation. The smell was in no way 
Unpleasant, and resembled closely that of kerosene. 
The amount of suspended matter was minimal. 
Neither the crude oil nor the colourless distillates 
responded to the Indophenln reaction or to tests for 
nitrogen or sulphur. The oil suffered no appre- 
ciable loss on shaking with dilute acid or alkali. 
In its general characteristics it is thus very similar 
to Borneo petroleum. The specific gravity of the 
crude oil was 0.790 at 18.75®C. 

FraotUml distillation. 

The crude oil (1000 grms.) was distilled from a 
long-necked round-bottomed flask, through an 
ordinary condenser, up to 170^ C. The resulting dis- 
tillate, or 170° run (370 grms.), was then frac- 
tionally distilled from a similar flask connected with 
a 4-pear still-head, the total height of the con- 


densing column being 58 cm., the diameter of the 
bulbs 2‘5 cm., and the rate of distillation 2 drops 
per second. Particulars of the fractionation are 
summarised below 


Temporatoro 

Welffht 

of 

fraotioD. 

grme. 

Weight 

pereont- 

of 

•• 170* 
run” 

Weight 
percent* 
age of 
crude 
oil 

If 

To 170“ C. 

370 

100 

37 0 

0-744 at 10-5“ 

60“- 90“ 
90“-120“ 
120“-160* 
above 150“ 

60-9 

174‘4 

75‘8 

41-5 

16 5 
471 
20-5 
11-2 

0-1 

17 4 

7‘6 

42 

0-707 at 19-5* 
0-744 at 20“ 

0 760 at 21" 
0-788 at 19-5* 


352-6 

9S-3 

35-3 



The nunainder of the sample (1500 gnus.) was 
distilled In a similar manner, up to 180°, and the 
resulting 180° run was fractionally distilled In 
the manner adopted in the first experiment. 

The results demonstrated that It Is Immaterial, 
as far as the first two fractions are concerned, 
whether the “ straight run Is cut at 170° or 180°; 
in the latter case, however, an appreciably higher 
yield of the third fraction (120°— 150°) is obtained. 
The unusually high proportion of light oils is in 
agreement with the low specific gravity of the 
crude material. 

Nitration of fractions. 

The distillates only decolorised bromlno water 
after several hours’ contact : it wag therefore con- 



eluded that the oil contains saturated hydrocarbons, 
possibly In admixture with aromatic hydrocarbons, 
and this was confirmed by a preliminary nitration 
test. Accordingly, the several fractions were sub- 
mitted to a systematic series of nitration experi- 
ments, the mixture of oil and nitrating acid being 
mechanically Htirr(*d during the process, and the 
temperature kept below 25®(\ uni II no further 
heat was develoiKHl. The mixture was eventually 
heated gradually to 40° and then allowed to cool, 
with coTitlimous stirring, in order to complete the 
nitration. 

(fl) When treated in this way', the first fraction 
(OO^—OO^O.) yielded two layers, the upper of 
whlcli was st^parated, washed with dilute sodium 
carbonate solution and water, dried, and distilled 
from a bath of boiling water. The residual, pale 
yellow oily nltro-product was weighed, as was also 
the distillate of unaltered hydrocarbons. Owing 
to the volatility of the latter, the content of 
awinallc liydrwarbons could not be obtained by 
difference, and the values quoted below are calcu- 
latwi on the assumptiou that tlie nltro-product 
represents pure mononitrobenzeue. 


(b) The product obtained by nitrating the secoiktf 
fraction (9fi°~120°) settled into three layers. The 
bottom layer of spent acid was run off, and the 
other layers mixed and washed with dilute sodium 
carbonate solution, followed by water, after which 
the dried unchanged hydrocarbons were distilled 
from the nltro-product. The results of three ex- 
IJerlments are tabulated on page 320 t. The weight « 
percentages of ammatlc hydrocarbons were caleu- 
laled tl) by difference, and (2) as toluene, assuming 
the nltro-product to consist of mononitrotoluenes. 

The first delenulnntlon was carried out with 
material from the “ 170° run,” the second and third 
with material from the ”180° run”: the results 
indicate that no appreciable difference in compoid- 
tion exists between the second fractions yielded 
by these two nins. i 

The moan value, 117%, corresponds to 5-5% of the 
” 170° run,” 4-5% of the ” 180° run,” and 2-0% of 
the crude oil. The high specific gravity of the 
n^sidiial hydrocarbons Is again noticeable. 

On further nitration, the oily nltro-product gave 


Fraction 60°-~00°. 


Weight 

Uken 

Weight of 
nltro- 
product 

Percentage of benzene (wt.) | 

Unaltered hydrocarbons 

In 

fraction 

60*-90* 

In 

” 170" run '• 

In crude 
oil 

Weight 

Percentage 

i 

Speclflo 

gravity 

40 gw, 

109 „ 

4-4 gpfi. 

.. 

7-0 

4-6 

1 10 

0 76 

0-43 

0*29 

i 

73-8 

83-3 

1 

0-710 at 19'6* 
0*709 at 19*5* 


Ft'OcHon 90°-120°. 



Weight of 
nltro- 
product 

I’ercentage of toluene (wl.) 1 

Unaltered hydrocarbons 

Weight 

taken 

By 

dlffeience 

From wt. of 
nitre- 
product 

Weight 

Peroontage 

Bpeclflo gravity 

40 gra. 

190 

190 „ 

7-0 gra. 

17*9 

18*0 .. 

19*5 

13-3 - 
12 ft 

11-8 

10-0 i 

10-1 

9ft-0 gn. 
104'0 „ 
lOft-0 „ 

87-ft 

86- 7 

87- 5 

0-741 at 17‘ft* 
0-747 at 17* 

0-747 at 17* 


Mean 

- U*7. ! 

1 


The high value obtained in the first experiment 
may be due to the use of an appreciable excess of 
nitrating mixture and the consequent formation 
of higher nitro-compounds. 

About one-half of the mixed yields from the two 
experiments distilled over between 200® and 210°, 
and on further nitration gave a hard, pale yellow, 
crystalline product with a dry setting-point of 
03° 0, The higher-boiling portion of the original 
nitro-prodnet appeared to contain nitrotoluenes: 

The high specific gravity of tfie residual hydro- 
carbons points to the presence of naphthenes in 
a.<Moclatlon with paraffin hydrocarbons. A similar 
peculiarity is presented by Romeo petroleum. 


a pale-yellow, hard crystalline solid with wet and 
dry setting-points of 00° and 66° 0. respectively. 

(c) The third fraction (120°-160®) behaved vejry 
similarly to the second when nitrated. In this case, 
after separating the two upper layers from the spemt 
acid, the nltro-product was extracted from the 
residual hydrocarbons by shaking out with concen- 
trated sulphuric acid. 00 grms. of the fraction 
ggve 61*9 gnus, of washed and dried resldiial hydro- 
carbons, having after redlstiilation the sp. gr. 0-766 
at 19*16®. The weight-percentage of aromatic 
hydrocarbons, obtained by difference, was 18*5^ in 
the fraction, corresponding to 1% in the crude oU. 
Further nitration gave a light-yellow, .qiqrltalline 



product, which romalued solid In conti^ct with boil- 
ing water. 

(g) The fourth fraction (above 150®) when sub- 
mitted to similar treatment gave 18*8% by weight 
of aromatic hydrocarbons, estimated by difference, 
or 0*0% In the crude oil, The residual hydrocarbons, 
after washing and redlstlllation, possessed a specific 
gravity of 0‘7(J8 at 19®. When nitrated further, the 
aulpburic acid eictract of the nllro-product yielded 
is yellow, pasty mass, in. which solid crystalline 
particles were discernible. 


; Second sample. 

The second sample (No. 5 bore, Government Oil- 
field, Upola, Papua) had sp. gr. 0*7065 at 22®, and 
proved to be practically Identical In all respects 
with the first sample. 

Fractional diitillation. 

The crude oil was first distilled to 180® from an 
ordinary distilling flask, in the manner adopted 
for the first sample. The yield of 180® run ” was 
44*65%, sp. gr. 0*765 at 22*25® 0. The “ 180® run ” 
was next fractionally distilled through an 8-pear 
atlll-head, lagged with Posldonla fibre; the diameter 
'Of the bulbs was 2*5 cm., the total height of the 
condensing column 102 cm., and the rate of distil- 
lation 2 drops per second. The results obtained 
arc given below 

Fractionation of the “ 180® run.** 


Temperature 

Weight per- 
oeniage of 
” 180* run" 

Weight per- 
centage of 
crude oil 

Spoolflc 

gravity 

60*~90* 

11*2 

5*0 

0*715 at 24* 

90M20* 

87*2 

16*6 

0*744 at 24*5* 

120--160* 

81*3 

14*0 

0*7616 at 25* 

above 150* 

179 

8*0 

0*7005 at 24* 


In a second experiment the percentages of the 
four fractions obtained were 11*8, 87*4, 27*8, and 
21*3. 

(b) Weight taken, 876 grams. 

Nitration of fractions. 

(a) Two portions of 80 grms. of the first fraction 
(60®— 90®) were nitrated In the manner described 
above; the results Indicated that the fractions con- 
tained (a) 5 2, (b) 4'6% of benzene, and (o) 84*4, 
(b) 81*9% of unaltered hydrocarbons. Taking the 
above results In conjunction with those obtained 
for the first sample of the oil, It appears that 
the fraction of b.pt. 60°— 90° contains about 6% 
of aromatic hydrocarbons, i'urther, the main 
aromatic component is probably benzene. 

(b) Two portions of 160 grms. of the second frac- 
tion (90®— 120®), upon nitration In the manner 
already described for this fraction, gave the follow- 
ing results : Toluene, (a) 13*75, (b) 14*1% ; unaltered 
hydrocarbons, (o) 86*25, (b) 85*9%. A review of the 
whole of the results obtained for this fraction Indi- 
cates the aromatic content to be approximately 
12 %. 

It Is evident from the above data that by redis- 
tilling tlie “170® run” through a fractionating 
column up to 120® C., it Is possible to produce. In a 
ready manner, a fraction containing about 10% of 
aromatic hydrocarbons, these being essentially 
benzene and toluene. Such a possibUlty lends con- 
siderable Interest to the oil as a source of aromatic 
compounds. 

An examination of the highcr-bolllng fractions 
of this oil is at present in progress, and a further 
examination— as far as the available material 
alIows-~of the lower-bolllng fractions described In 
this communication is also contemplated. 

Department of Organic Chemistry, 

University of Sydney. 


Spottiswoodb, Ballaktvnb & Co. Ltd., Printers, London, Colchester and Eton* 
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INTRODUCTION. 


PosidoTiia Fibre, or “ Maruie Fibre,** has been flescribod in Bulletin 
No. 4 of the Department of Chemistry of South Australia as “ the fibrous 
portion of the leaf sheath of the sea plant Posi<lonia auslrali', which grows 
abundantly in the shallow waters around the coasts of South Australia and 
on other part-s of the Australian coast.** The method of occurrence, modes 
of collection, and general properties of the Fibre are fully described in that 
Bulletin, which records most of the information hitherto available concerning 
the material. 

The object of the present work was to investigate the physical and chemical 
properties of the Fibre, with a view to determining the purposes for which it 
is most suitable (!).♦ 

Two samples of the Fibre have been picviously submitted to a general 
chemical examination at the Imperial Institute (2),* but up to the present 
the physical and structural characteristics of the material appear to have 
been only cursorily examined. The first sample, e.\amin«d at the Imperial 
Institute in 1909, was merely freed from sand and other associated impurities 
prior to analysis; the second sample, examined in 1911, was washed in 
fresh water and then dried in the air before analysis. For purposes of com- 
parison the two sets of values obtained for these samples are quoted in the 
enurso of this Bulletin. 

As a preliminary to the physical and chemical investigations, a botanical 
examination and description of the Fibre was undertaken by Mr. R. T. Baker, 
F.L.S., Curator of the Sydney Technological Museum, to whom our cordial 
thanks are due. Mr. Baker also rendered much assistance in the preparation 
and description of the plates. 

The structural and physical examination was conducted at the Sydney 
Technological -Museum. We have to e;i press our indebtedness to Mr. F. R. 
Morrison for his assistance with the arduous scries of measurements involved ; 
and to Mr. T. C. Roughley for preparing the sections and taking the photo- 
graphs reproduced in the Bulletin, A number of the later measurements 
were made by Mr. F. W. Byrne. 

The chemical investigations wore mainly carried out in the Organic 
Chemistry Department of the University of Sydney ; and we record our 
grateful acknowledgments for experimental help rendered by Mias M. M 
Williams, B.Sc., lilr. A. Evans, B.So., and Mr. W. J. Kircbner, B.Sc. 

A good deal of information has been placed at our disposal by Mr. W. D. 
Wade, Managing Director of Australian Marine Fibres Ltd. and Posidonia 
Fibres Ltd., to whom we also express our thanks. In addition, Mr. Wade 
kindly supplied the samples^ of Fibre (Plate XIX.) used in the work. 


* The ntitnberii «|Uoted In brftoket* In the text injtcxte th%t a oorreepondlng referenoe will be foao4 

at the end of the Bulletin. 
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The material had been dredged from a locality about 10 miles uortib of 
Port Broughton, South Australia. It had undergone a single washing on the 
dredge with sea-water ; this process was followed by a mechanical separation, 
while wet, from sand, shells, and other associated impurities ; after which the 
material was dried iu hot air, at about 200® F. (93® C,), A^ter reaching us, 
the samples wore freed as far as possible^ by careful sorting and shaking, from 
the remaining extraneous matter ; and the resulting ** cleaned fibre ’* was 
the material used for the determination of the physical characteristics of the 
crude proiliict. 

JOHN READ, 

HENRY a SMITH. 

Sydney, April, 1919. 
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DESCRIPTION OF PLATES. At cud. 


I. Whole Plant. 

Posidonia australis. Hook, /. {N,0» Naiadacecu), 

OneJialf natural size. 

II. Portion of a Stem. 

Posidonia auslralist Hook. /. (iV.O, Naiwlaceat), 

Natural size, showing fibre bundles in situ, 

III. Cross-section through portion of a Stem. 

Posidonia australis. Hook./. {N,0, Naifulmecc). 

Showing numerous fibre bundles scattered in the aerenchyma. n 40. 

IV. Portion of Plato III, 

Posidonia australis, Hook. /. (A^0. Na adacece), 

More highly magnified, to show the ultimate fibres in section in the fibre 
bundles, x 150. 

V. Portion of a T.<eai 

Posidonia australis, Hook. /. {N.O, Naiadacecs), 

Showing how the fibre bundles occur mostly below the epidermis in a regular 
row, with a few towards the centre of the aerenchyma, x 36. 

VI, Separate filaments, or fibre bundles. 

Posidonia australis. Hook. /. (N.O. Naiadacew), 

Showing the swellings on the dorsal surfaces of the outer ultimate hbres ; 
these appear as dark transverse markings. The longitudinal arrflngement of 
the ultimate fibre strands is also evident, x 25. 

VII. Separate filaments, or fibre bundles. * 

posidonia ausiraiis. Hook. /. {N.O. Naiadaesre). 

Two of the filaments from Plate VI. viewed under a higher power and 
showing more distinctly the swellings on the dorsal surfaces of the outer 
ultimate fibres ; these appear as dark transverse markings, The longitudinal 
arrangement of the ultimate fibre strands is also evident, x 80. 

Vin, A partially disintegrated fibre bundle. 

Posidonia asistralis. Hook,/. {N,0, Naiadaceae), 

Showing the dilations on the dorsal surfaces of the outer ultimate fibres ; 
these oorrespond to the transverse markings in Plates VI. and Vll. x 10(X 
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Description of Plates— 

[X. A single fibre bundle. ' * 

Posidonia auatralM, Hook. /. (N.O. Naiadaoeat), 

Showing the first stage of structural disintegration ; separation of the 
constituent longitudinal strands by the action of bromine vapour, x 109. 

X. A single fibre bundle. 

Poaidonia au9trali$t Hook. /. {N.O. Naiadactoe). 

Separated into its constituent strands. This photograph serves to illustrate 
the resisting properties to bromine vapour of the cementing medium which 
fastens the ends of the ultimate fibres together, x 105. 

XI. A single fibre bundle. 

Poaidonia auatraliSj Hook. /. (N,0, Naiadacece). 

Separated into its constituent strands. The resisting properties to bromine 
vapour of the cementing medium which fastens the ends of the ultimate fibres 
together is well shown by the broken end of the fibre bundle, x 105. 

XII. A single fibre bundle. 

Poaidonia auatraliat Hook. /. {N.O. Naiadacece), 

This photograph illustrates the complete' destruction of all cementing 
material by chlorine water, and the consequent disintegration of the fibre bundle 
(filament) into minute ultimate fibres, x 105. 

XIII. A single fibre bundle. 

Poaidonia auairalia. Hook. /. (N.O. Naiadacece), 

This photograph illustrates the complete destruction of all cementing 
material by ohloiine water, as also shown in Plato XTI. x 105. 

XIV. Ultimate fibres. 

Poaidonia a/aairatia. Hook. /. {N,0, NaiadacM^), 

Separated by nitrio acid and potassium chlorate from the filaments, or 
fibre bundles, x 105. 

XV. Ultimate fibres. 

Poaidonia attairalia. Hook. /. {N.O, Naiadtacece), 

Separated by sodium 'hydroxide and chlorine from the filaments, x 105. 

XVT. Ultimate fibres of Jute. 

These fibres are reproduced for comparison with those of Poaulonia auaUfdlia, 
(Plates XIV. and XV,). x 105. 

XVll. Testing Machine. 

Used in the determination of the tensile strength and extension of crude 
and chemioally treated Posidonia filaments. (Se^ III*» 1*) 

One^quarter actual size. 

Xyill. Extensions given by Posidonia filaments under a gradually increasing strain. 

The diagram illustrates the gradual extension with increase of load for a 
series of crude commercial filaments (continuous lines) and f>r similar 
filaments which have been treated with 1 per cent nitrio acid for 20 
hours in the cold (broken lines). The oxteiUions of the' treated filaments 
correspond to % marked increase both of elasticity and flexibility. (See UL, 
2; andXVJit, 2J.)* 

XIX. Posidonia Fibre. 

As dredged up, washed, and prepared for market at Port Brou^^ton, South 
Australia. 

One-sixth natural size. 

XX. Masses of Posidonia Fibre. . 

As found on the coast of Western Australia. The felted fonnetion is brought 
about by the action of the waves. 

One-third natural rise, 



An Investigation of the “Marine Fibre’* 
of Posidonia australis. 
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A.-BOTANICAL. 

L— BOTANICAL CHARACTERISTICS. 

1«— General. 

This fibrous material has its origin in the leaves and stems of the mono- 
eotylctlonous plant Posidonia australis, Hook. /. (N.O. Naiadacew), 'which so 
far has been re(;orded from the foreshores of Western Australia, South 
Australia, and New South Wales, as well as in Tasmania; but it probably 
extends around the whole continent. (Plates I. and II.) 

The species was systematically described by Hooker (3) and again by 
Bentham (4). 

It is a marine submerged flowering plant, having organs- and anatomy 
corresponding to those of similar representatives of the floral world, and so 
is hardly correctly described by Green and Frank (5) as ** derived from a 
land plant .... which through an incursion of the sea has been 
submerged for a considerable period.’* Nor is Marine Fibre the “bast fibres 
of the plants,” as also stated by these authors. It would appear that the 
enormous beds of the Fibre are due to the covering of the dead bases of the 
leaves and stems of the plants by drifting sand, which appai'ently has acted 
as u preservative, for the material chows only the slightest .sign of decay. 

2. — Maerotcopical. 

When originally brought before the commercial world the material was 
known ns ” Tickera ” fibre. 

When seen in the mass it is pale brown in colour, being of a lighter 
shade and coarser than cocoanut fibre coir, to which it bears a general 
resemblance. 

Although called fibres ” in this condition, each distinct filament is really 
a complex structural aggregate or bundle of ultimate fibres, just as a piece 
of string is composed of a number of strands, each of which again is com^Kised 
of individual, or ultimate fibres. 

The fibre bundles, or lilaments, of Posidonia australis measure up to 
8 or 9 inches in length., Scientifically it is incorrect to call them fibres, but 
commercially such a term can stand, as the distinction is of no moment in an 
industrial sense. 



3.— Microfcopkal. 

The filaments or bundles are composed of ordinary wood fibres, and are 
true vascular bundles of prosencliytiratous cdls distinguished as fibres. 
These bundles differ from the closed bundles of dic/Otyledons. The latter are 
characterised by their persistent cambial strips and phlofim, wldch are absent 
in the open bundles of Posidonia australis and other monocotyledonous 
plants. , 

The commercial “ fibres ” (filaments) are found to occur throughout the 
stem and leaves of the plant ; they are stouter at the bases of the leaves and 
stems thou towards the free-ends, and it is only those of the leaf base isolated 
by the natural retting of the sea waves that remain for collection and 
utilisation. 

In the stem they are scattered irregularly amongst the mcsophyll 
aerenchyma, or water tissue, which surrounds the stele, where they are 
mostly circular in a cross-sectiou. (Plate HI.) 

In the leaves they are found under the epidermis and below the palisade 
parench3mia, and a cross-section shows that whilst composed of a number of 
fibres they exhibit the most varied polygonal shapes. (Plate V.) 

In a longitudinal view these bundles are seen to have the individual, or 
ultinf^ate fibres arranged in several ways, in most castjs they are parallel 
with each other; in others they occur in waves, sometimes intertwining; 
or, again, they ma> exhibit interlocking and twisting, as though plait^. 
Further, in rare instances an individual fibre nniU be found wuiding around 
portions of the bundle. The individual fibres are attached to one another 
throughout their whole length, long and short ones being arranged 
indiscriminately. 

The cominercial “ fibre ” may therefore be described as a bundle of indi- 
vidual, or ultimate fibres ; and when examined under a microscope it has a 
striated appearance due to the lines of the individual fibres. (Plates VI. 
and VIL) 

When wwed under a high power, the individual fibres are seen to be 
elongated and spindle-shaped, with tapering awl-shaped ends. (Plates 
XII., XIII., XIV., and XV.) Each fibre is wedged tightly between its 
neighbours, to which it is firmly attached ; and doubtless the very long 
fibres impart a considerable degree of stability to the group. The walls are 
of medium thinness (Plate IV.) ; the lumen is wide, varying, of course, with 
the diameter of the fibre. The walls possess oharac^ristic, narrow slit- 
sl^aped pits, in 'single or double rows, mostly obliquely placed ; this latter 
disposition geiierally indicates that the fibres coil spirally around each othw 
Tto accounts for the string like appearance, or spiral course, of some of the 
fibre bundles when seen individually (supra) ; and as such a condition imparts 
strength to a rope or string, the arrangement is also advantageous in thii 
case from a mechanical point of view. 

The outer ultimate fibres.of eadi bundle have swellings, or dilations, on 
their dorsal surface. (Plate VIII.) These dilations average .about fottc to 
six, or more, per ultimate^ fibre, according to the length of the latter. The 



mean distance between the protuberances is about O’ 15 nun., which is too 
great for them to be tenned collectively a serration. They are, as Stated 
above, situated on the back or outer surface of the exterior ultimate fibres 
(the inner surface being smooth) ; and as this feature occurs in a corresponding 
position on each fibre surrounding the bundle, a ringed appearance results, 
which is not unlike the whorls of leaf scales found in Camarina species. The 
peculiarity is well illustrated in Plates VI. and Vli. 

It is difficult to exj^uin the function of these swellings. They are 
exceedingly minute ; but since vascular bundles in the vegetable kingdom are 
regarded as mechanical elements, perhaps in this case tlie <lilations projecting 
into the acrenchyma, or mesophyll, a.ssist in supporting the softer parts of 
the leaf or stem, la addition to this, it is possible that they may also have a 
perforation or pitted cell at the apex, thus giving another means of communi- 
cation by which water or other .substances necessary in the life-processes of 
the bundle may be obtained. Somewhat similar peculiarities of obscure 
significance are recorded by Krabbe (6) as occurring on the bast fibres 
of certain dicotyledonous plants. These, he states, are often accompanied 
by the protoplasts which are encased in secondary cellulose layers. Should 
the feature now described prove to be of identical cliaracter, it will be the 
first record of the kind in jnonocotyledonous plants. 


B.-STRUCTURAL AND PHYSICAL. 

IL-DIMENSIONS AND STRUCTURE OF THEPOSIDONU 
FILAMENT, AND OF THE DERIVED ULTIMATE FIBRES. 

1.— 'Dimeiisioiis of tho Potidonia Filament. 

(i) Length of Stepb. 

The unbroken “ natural fibres ” (i.e., filaniei\ts or fibre bundles) of Posi- 
donia auslralis examined by us varied from 100 to 170 mm. in length, but 
these dimensions are not to be taken as limiting values ; the corresponding 
dimensions quoted by the South Australian observers (2) are, e.^., 50 to 200 
mm. The possibility of such variations is evident from Plate II. 

The exceptional shortness of staple of this fibrous material is evident 
from the appended comparative table (7). 


Table A.- Length of Staple op various Filaments. . 


Cotton 

iriwc .. 

^ Hemp ^ . 

Phermium 
Jute . ; 

F48parto 

Posidonia 


MiUimotros. 
20-40 
200-1.400 
. . 1,000-3,000 
800-1,100 
... 1,500-3,000 

100- 400 
. . 100- 170 

60- 200 



(2i) Dianutcr. 

The diameters of the Posidonia filaments selected for investigation ranged 
from O' 040 to 0*200 mm. No individual filament examined was of uniform 
diameter along the whole length. As a rule, the greatest diameter was 
situated at about 0*5 to I cm. from one extremity ; and from this point 
onwards there was a gradual diminution in thickness, witli the occasional 
occurrence of swellings. 

In the majority of cases, the extreme fine end to which the filament tapers 
ap})eared to have been broken off. 

In making the measurements tabulated below, the filament was adjusted 
between two strips of glass, the positions to be measured being marked 
on the upper strip. The best filaments were selected for examination, 
and the measurements were made at each cm., starting from the thicket 


Table B.— Diameters of individual Posidonia Filaments. 


Ontl - 

metres 

End . 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

n. 

— 

12. 

13, 

14. 

15, 

16. 

17. 

Mtlllmotret 

•173 

•200 

•173 

•173 

•120 

•126 

•133 

•138 

•100 

•m 

•180 

•106 

•100 

•100 

•003 

•066 




•ISO 

•160 

•160 

•126 

•120 

•086 

•086 

•078 

•073 

•066 

•073 

•078 

•060 

‘046 

•040 

•026 




•140 

•140 

•140 

•113 

•106 

•120 

•100 

•100 

066 

•073 

•066 

•066 

•080 

•066 

•066 

•046 




•146 

•146 

•153 

•146 

•146 

•093 

•080 

•100 

•100 

•113 

•118 

•100 

•086 

•093 

•086 

•086 

•080 



•140 

•120 

•120 

•093 

•09.3 

7008 

•106 

•086 

•078 

•093 

•060 

•080 

•080 

•060 

•060 

•060 




•133 

•126 

•133 

•183 

•106 

•118 

•100 

•080 

•006 

■066 

•006 

•066 

•053 

•046 






•333 

•173 

•093 

•003 

•098 

•086 

•086 

•073 

1*100 

•086 

•086 

•078 

•066 

•056 

•060 

•066 

•046 

•046 


•120 

•120 

•113 

•093 

•106 

•100 

•106 

•106 

•066 

•078 

•093 

•098 

•080 

•080 

•098 

•086 

‘053 

•016 


•120 

•120 

•US 

•120 

•106 

•100 

•080 

•073 

•060 

•066 

•066 

•078 

•080 

•073 

073 

•066 

•060 



•118 

•120 

•098 

•003 

•098 

•080 

•080 

•066 

060 

•060 

•060 

•040 








.108 

•120 

•100 

•080 

•080 

•073 

1073 

•066 

•000 

•060 

•058 

•046 

•046 

•040 

•038 




„ 

•100 

•100 

•lOOl 

•100 

•080 

•086 

•080 

•066 

•080 

•066 

•058 

•058 

•040 







•093 

•107 

•107| 

•107 

•120 

•100 

•087 l 

•087 

•ose 

•080 

•080 

•087 

•067 







•093 

•080 

•106| 

•106 

•100 

•080 

•086 

•093 

•080 

•086 

•093 

•0801 

•067 

■067 

■060 




„ 

•080 

•060 

•073, 

•078 

•066 

•073 

•066 

•066 

•066 

•066 

•060 

•060 

•060 

•046 






•000 

•086 

•003 

•066 

•080 

•080 

•073 

•053 

1 

•053 

•063 

•040 









The relatively coarse staple of the Posidonia filament is shown in the 
following table : — 


T.\ble C.— Diameters of various Filaments. 


Posidonia, upper limit (Table B) 


mm. 

.. 0*20 

lower limit (Table B) 


.. 0*04 

mean value (Table B) 


.. 0*088 

Posidonia (8), upper limit 


.. 0*15 

^ lower limit 


.. 0*02 

Cotton, upper limit . . 


.. 0*037 

lower limit (^.») 


. 0*012 

upper limit . . 


. . 0*020 

lower limit (10) . • 


. 0*016 

Jute, upper limit 


.. 0*10 

lower limit 


.. 0*04 

mean value (Table F) 


.. 0*065 

Flax (11), upper limit 


.. 0-255 

lower limit . . 


.. 0*114 





2.— Structure of the Potidonia Filament* 

The appearance of the “ natural fibre ’* (filament, or fibre bundle) of Posi^ 
donda auslralis when viewed under tow magnification is well sbpwn in Plates 
VI. and VIT., which arc reproductions of photomicrographs taken by reflected 
light. The filaments had previously been immersed in Schweizor’s reagent 
for two minutes, washed, and mounted in .scccotine between two glass slides. 
The parallel longitudinal ribbed markings and the dark transverse lines 
correspond, respectively, to the ultimate fibres and the swellings described 
above (I., /)). 

As shown below (XIIT., 1) when chlorinated and raised to the boil with 
sodium sulphite solution, according to the (Voss and Bevan process, the 
Posidonia filament readily disintegrates into short ultimate fibres. A similar 
btructurol <lisintcgratioa is more slowly etTected when the filament is treated 
with chlorine water for several days. 

With moist bromine vapour, acting at the ordiuary temperature, it was 
found p 08 .sible to follow under the microscope the various stages of this 
structural disintegration. The very interesting observations made in this 
way indicate that the filament of Posidoda mtsfrallR is a fibre bundle of com- 
plex nature, consisting of numerous longitudinally o'lionted strands (corre- 
sjionding to the “ribs” in Plate VI 1.) embedded in a lignocellulose matrix, 
and thus firmly cemented together. Twisting or (*rossing of tliese strands 
was rarely observed . They ar<* present to tlie iiumbe r .*>0 or 00, or sometimes 
more, in the filaments of greatest diameter ; and they consist of ulthuato 
fibres cemented together by their pointed ends. 

The cementing material holding together the ends of the ultimate fibres 
to form the longitudinal strands must apparently be discriminated from the 
cenicnting material which serves to bind these strands together to form the 
filament or fibre bundle. The latter cementing material is more readily 
attacked by bromine vapour than the former. 

When Posidonia filaments are suspended for three or four days in bromine 
vapour in a clo.sed vessel — perhaps best over bromine water containing an 
excess of bromine, so that the space above the liquid is constantly saturated 
with the vapour— the material which cements together the longitudinal 
strands is so changed that the strands may readily be separated one from the 
other by placing the filament between a slide and cover-glass and squeezing 
it with a pushing motion. 

The specimens illustrated (Plates VIII., JX., X., and XI.) were prepared 
for photographic purposes in this manner. From this result it is apparent 
that the cementing medium which holds t.ogether the ultimate fibres into 
lojigitudinal strands ha.s resisted the action of the bromine vapour ; and this 
is the case even after continued treatment for three or four weeks. 

The appearance of the strands when tbu.s separated is evident from Plates 
VIII., IX., X., and XL That the strands are composed of a continuous 
series of ultimate fibres is suggested by the fact that the <liamcters of the 
strands are these of the ultimate fibres in their broadest part, and that by 
treating the original filaments with chlorine water the strands undergo 
practically complete disintegration into individual ultimate fibres, the whole 
of the cementiug material being comparatively readily susceptible to the 
actioil of this reagent. This action of chlorine water on the original filaments 
is illustrated in Plates XII. and XIII. 
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Tb<% ultimate fibres are easily separated from the thicker of the original 
filaments by boiling with 50 per cent, nitrio acid and potassium chlorate 
(Plate XIV.) ; but for the more delicate filaments it is necessary to emjdoy 
the official soda-chlorine method, or to use chlorine water, because in this way 
the ultimate fibres are not so readily broken (Plate XV.). 

3*— Dimontioiis of the Uhimete Fibre. ^ 

The unbroken doubly terminated ultimate fibres of the material worked 
upon range in length from 0*7 to 2*0 mm., but fibres measuring above 
1*5 mm. in length are rarely seen. This is perhaps largely accounted for by 
the delicacy of the longest ultimate fibres ; these always apjwar to be narrow 
in comparison with the others, and thus are more easily broken. The 
diameter in such rases is usually not above 0*01 mm, I’he broader and more 
robust doubly 'terminated fibres rarely exceed 1*25 mm. in length, and it 
may be iissuiucd that the majority of the ultimate fibres of Posidonia australis 
do not exceed I mm. in length. 

As regards diameter, the maiority of the ultimate fibres vary from 0*01 
to 0 02 mm., but the greater width mentioned is rarely attained. An occa- 
sional ultimate fibre will, however, exceed this value ; one such can be seen 
in the centre of Plate XIV. 

It may be added that the moat robirst ultimate fibres are those .separated 
from the thicker end of the original filament. 

The structural j^culiairties of the ultimate fibres ha>^e been described 
above (I., 3) ; in this connexion, the protuberances noticeable in the ultimate 
fibres of Plate VIII. correspond to the transverse rings of Plate VII., shown 
under a riomewbat different magnification. 

In the subjoined table the dimensions of the ultimate fibres of Posidonia 
are compared with those of various standard fibres (12). The length of the 
filament (Table A) is also included, as being of interest in the consideration 
of these relationships 

Tablk D.— Dimensions of various Ux.timate Fibres. 


MaierJMl. 

Length of 
Fliamoat. 
mm. 

Length nf 
Ultimate Fibre, 
mm. 

Diameter of 
Ultimate Fibre, 
mm. 

Cotton 

Flax 

Homp 


20- 40 
200-1400 
1000-3000 . 

20 -40 

25 -SSa 

15 -20 

0*012-0 *037 
0*015-0*037 
0*016-0*050 

Phormium 

Jot«^ 


800-1100 

1500-3000 

5 -15 

1*6- 4 

0*010-0*020 

0*020-0*025 

Plnewood (tracheida) h 
Esparto 

Posidonia . , 


100^*400 
100- 170 
(SO- 200 

1-8 

0*5- 3 

0*7- 2 

0*5- X*8 

0*016-6*020 

0*010-0*018 

0*01 -0*02 

0*02 -6*076 (?) 


( 0 ) Vnr h fUx, 50 lum. or ov«r (Id). 

(5) Tht trachiiidu of CVilontttl Pino < Araucaria Cunninffhamii) imnuiitro up to 0 mm. In length, and 
vary leom 0*04 to 0*00 mm. In dianjotrr <14). 


The first set of data quoted for the Posidonia fibre are the result of our 
own measurements ; the other figures ^re taken from previous pubUeations 
on the fibre (2). We have been uneble to confirm value 0*076 mm. 
(0*003 inch), which has perhaps beeu quoted in error. 

The relative dimensions of the ultimate fibres 5{ jute and Posidonia are 
apparent from Plates XV. and XVI. 







ni.-TENSILE STRENGTH, ELASnCTTY, AND FLEXIBHJTY OF 
THE POSn>ONIA FILAMENT. 

l^^TeatSa Strangth. 

The instrument used in measuring the breaking strain and the corre- 
sponding extension of Posidonia filaments is depicted in Plate XVII. The 
clips for holding the filament are visible on the right, in the upper half of the 
illustration ; they were adjusted at a distance of 4 cm. apart throughout the 
whole series of determinations. The filament under examination was fastened 
in one clip at a distance of 3 cm. from its thicker end, the diameter used for 
calculating having been previously measured at a distance of 5 cm. from the 
thicker end, f.e., at the point midway between the clips. This position had 
to be chosen arbitrarily, but certain reasons of convenience infiuenced the 
decision, as also the fact that tlie mean diameter of the filaments coincides 
approximately with the diameter at the point indicated. (Table B). 

The filament, being firmly gripped in both clips, is submitted to a steadily 
increasing strain by means of carefully regulated hydraulic pressure, the 
necessary weight having been attached to the long arm. Tlie amount of the 
strain and of the corresponding extension of the filament are simultaneously 
indicated on the two scales ; when the rupture occurs the pointer automatic- 
ally remains stationary until readjusted, so that the ne(^eHsary readings may 
be made at leisure. 

The results given below are for the first 100 completed tests, the most 
perfect filaments from a particular sample of crude untreated fibre (Plate 
XIX.) having been selected, irrespective of diameter. The filaments are 
arranged in tlie order of decreasing diameter, and the values for tb$ breaking 
strain are calculated in kilograms per sq. mm. of cross-section. 

Table E. — Tensile Strength and *Kxtension op Posidonia 
Filaments. 


Numb«r 

of 

Diameter 

III Mint 

Breaking Strain in Qrama. 

Breaking 

Strain 

Bxtonalon in Milli' 
mrtri'B. 

Por- 

ountuge 

Exteii- 

Hion. 

FilafMDto 

Tinted. 

metree. 

riiicker 

end. 

Mean. 


I^owest. 

Kilograma 
per Square 
.Milllmvtiti. 

Mean. 

. 

Ulghest 

Lowoat. 

, 2 

0*173 

16! *87 


143*75 

12*17 

2*6 

2*8 

2*4 

6*6 

3 

0*16 

140*42 


11,3*7.1 

24*17 

2*6 

2*6 

2*4 

7 *.13 

3 

0*146 

144*13 

163*76 

136*26 

21*22 

2*5 

2*6 

2*4 

6*25 

9 

0*14 

137*34 

168*75 

83*75 

20*22 

1*89 

2*9 

1*2 

4*72 

9 

0’133 

145*60 

210*0 

118*75 

26*06 

2*49 

3*1 

mwm 

6*22 

13 

0*12 

111*16 


52*5 

14*15 

1*9 

3*2 

0*6 

4*75 

12 

0*113 1 

115*41 

162-6 

67*5 

22*96 

2*16 

3*2 

1*4 

5*41 

U 

0*106 

101*26 

Wt-6 

mmm 

24*19 

2*16 

2*9 

1*4 

5*41 

10 

0*10 

KULlil 


75*0 

16*96 

1*64 

2*3 

0*6 

4*1 

14 

0*098 

100*98 

140*0 

52*6 

20*09 

2*18 

2*9 

1*4 

6*46 

7 

0*08 

89*46 

158*76 

62-6 

21*37 

1*86 

3*0 

WISM 

4*65 

4 

0*06 

61*26 

71*26 

43*75 

12*18 

2*42 

3*4 

1*6 

6*05 






Mean 




Mean 

100 

•V 




20*15 

•* 

** 

•• 

5-29 


The me«n value for the breaking strain of the Posidonia filament, express 
in Idfc^prams per sq. mm. of cross-section, is thus 20 *16. No connexion is 
betv/een the diameter and the mean breaking strain per unit of 












cross-section ; of the filaments selected for examination, the greatest average 
strength was exhibited by those of the mean diameter 0*133 mm., while 
those of the next degree of fineness (0* 12 mm. diameter) were among the 
weakest of the series. The irregularities observed may be due to the frequent 
occurrence of flaws in the filaments ; these may ])e seen under the microscope 
as dark specks, wldch posses.s no regularity of arrangement. 

In order to obtain comparative values for jute, similar determinations 
were made for ten of the most perfect filaments selected from, each of two 
different samples of jute in the Sydney Technological Museum. The results 
are tabulated below : — 


Tablr F.— Tensile Strength and Extension of Jute Filaments. 


Number 

of 

Fllanionts 

Diameter 
in Mini, 
nietren. 

Breaking Strain lit Grams. 

Breaking 
Strain 
Kilograms 
per Square 
Milllmetn'. 

Extension in Milli- 
metres, 

Per- 

centage 

Exten- 

sion. 

Mean. 

Highest. 

Lowest. 

Mean. 

Highest 

i 

1 Lowest. 









1 



First Sample^ 


2 

0*08 

91*87 

100*0 

83*75 

18*27 

0*35 

0*4 

0*3 

0*88 

3 

0*073 

97*0 

120*0 

61*0 

23*17 

0*36 

0*6.. 

0*2 


2 

0*07 

98*18 

126*26 

70*0 

26*6 

0*66 

0*6 

0*6 

1*37 

1 

0*06 

75*0 

. , 

. , 

26*63 

0*20 


, . 

0*6 

2 

0*053 

72*6 

74*0 

71*0 

26*81 

0*66 

0*8 

0*3 

1*37 

10 


. \ 



Mean 

23*52 



. . 

Moan 

1*04 


Second Sample. 


1 

0*10 

116*0 



14*64 

0*4 



mwM 

1 

0*003 

177*6 



26*13 

0*3 



0*76 

1 

0*086 

126*0 



21*62 

0*2 




1 

0*08 




16*91 

0*2 



0*60 

1 

0*063 

36*0 

, , 


15*86 

0*2 



0*60. 

2 


41*76 

KVEiH 

36*6 

26*12 

0*2 



0*60 

3 

0*04 

42*33 

46*0 

40*0 


0*2 




10 


■■ i 


*• 


*• 

*■ 

1 

Mean 

0*68 


The tensile strength of jute is thus shown to be somewhat liigher than that 
of Posidonia, while the very marked variation in strength between different 
filaments is of the same order for both. 

The following table (15) shows more fully how the Posidonia filament 
compares with various standard filaments in regard to tensile strength ; the 
values are given in kilograms per sq, mm., as above : — 


Table 0.— TENsn.K Strength of some Standard Filaments. 


Hemp 

.. 45 ‘0-78*0 

Jute 

28*7-49*5 

Raw silk 

.. .44*8 

(Table F) 

14*6-33*7 

Cotton 

.. 37*6 

(Table F, mean) 

24*0 

Flax 

.. 36*2 

Posidonia (Table B)— 


Cocoa-nut fibre 

.. 29*2 

upper limit 

25*05 



lower limit 

12*17 



mean value 

20*15 



Wool 

10*9 










Thus, of the standard filaments quoted, Posidonia is superior only to wool 
in tensile strength per unit area of cross-section ; and although the mean 
value approaches that obtained by us for jute, the Posidonia filament must 
be characterised as markedly Inferior to jute in tensile strength, owing to the 
prevalence of flaws. Tn some instances there are flaws which when observed 
microscopically give the impression that certain of the outer ultimate strands 
(II., 2) liave been attacked in some way ; and this weak point would naturally 
be the first to succumb to .«:train in the tensile strength test. It may also be 
accepted that there are other adventitious circumstances each trending to 
make Posidonia “ fibre ” a more difficult material for comparative mechanical 
tests than such filaments as cotton, &c. Further, referring to structural 
considerations, an ordinary Posidonia filament composed of 60 ultimate fibre 
strands, in which the ultimate fibres are cemented together by tlieir ends as 
well as lnngitudinall 3 % must contain a very large number of distinct structural 
units. In the. 40 mm. of filament between the clips of the testing machine 
no less than 4,800 ultimate fibres would be present, assuming 0*5 mm. to be 
the free length of each ultimate fibre. The structural conditions are there- 
fore much more complex tlian, e g., in the case of cotton, in which the filament 
and the ultimate fibre are identical, and in that of flax, in which the structural 
units (ultimate fibres), like those of cotton, may easily exceed 50 times the 
length of the Posidonia unit. 

Statements have been made (16) that Posidonia Fibre is weakened by the 
technical dr}’ing with hot air, which is usually accomplished at about 200° F. 
(93° C.), and that a stronger material is obtained bv the slower process of 
air-drying in the sun. Measurements were accordingly made on 30 of the 
best filamcnt.s selected from a specimen of the air-dri^d material obtained 
from the same source as the other specimens examined. It should be 
remarked, however, that the sample as a whole was inferior to some other 
consignments we have received, as it contained more fragile and broken 
filaments. 

The mean breaking strain observed for the 30 filaments was 15 *9 kilograms 
per sq. mm., as against the mean value 20*15 obtained for 100 filaments dried 
in hot air (Table E). It appears from this result that no diminution in kuisile 
strength is brought about by drying the “fibre” with hot air, provided, of 
course, that it is not overheated. The observed discrepancies must therefore 
be ascribed to other causes, such as differences in location, robustness of 
growth, &c. 

The actual measurements .ire summarised below 


Tablb H. — Ten.sjle Htrenqtii and Extension op Air-dried 
Posidonia Fila.ments. 


! 

Number ol Fllamonta 
Teetcd. 

Diameter in 
Hllllmotrcs. 
Thicker End. 

Mean breaking 
Strain in Qrama. 

Mean breaking 
Strain in 
Kilograma 
per aq. mm. 

Ferc'.'ntage 

Extension. 

12 

0*146 

118*1 

17*4 

5*16 

5 

0*138 


22*2 

5*60 

11 

0*120 

87*7 

11*2 

6*69 

2 

0*093 

86*2 

17*2 

6*26 




Mean 

Mean 

30 



16*9 

6*39 


aei55.— 8 
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Elafticity and FlascibiUty. 

Althoagh tlio crude Posidonia filament is very brittle and breaks readily 
on rubbing, or even in many cases snaps wlien bent or twisted into a loop, 
it possosacs n considerable degree of elasticity’ when subjecte<l to a steady, 
direct strain. This statement may be verified by stretching the filament 
between the fingers ; it is also borne out by Table K, in which it is shown 
that the elongation sustained under the. breaking strain varies from 4*1 to 
7*33 per cent., and averagers 5*29 per cent. The corresponding values for 
jute are much lower, as is evident from Table F, and also from the appended 
summary of data abatracte<l from Tables TC and F and other sources (17). 

Tablb I, — Percentage Ki.onoation of various ITilamknts under the 
Breaking Strain. 


Posidonia, upper limit 


. . 7 *33 

lower limit 


.. 4*1 

mean 


.. 6*29 

Jute (first sample) upper limit 


. . 1 *37 

lower limit 


.. 0*6 

mean 


. . 1 *at 

Jute (second sample) upper limit 


.. 1*0 

lower limit 


.. 0*5 

moan , . 


.. 0*58 

Jute yarn 


.. 2*0 

Flax yarn 


2*5*3 7 

Cotton yarn 


.. 3*97 


In spite of the high position of Posidouia in this list, it exhibits the lack 
of flexibility characteiistio of short-fibred, highly lignified filaments, and thus 
differs very markedly from the long-fibred and extremely flexible cellulose 
filaments. 

The transverse brittleness is probably due in some measure to the shortness 
of the ultimate fibres, which are arranged longitudinally, and to the thinness 
of their walls (but cf. Xyill., 47) ; the latter feature is manifest in the section 
of the bundle when magnified 150 diameters (Plate TV.), and is emphasised 
by a comparison of Plates XV, and XVI. 

The exceptional longitudinal elasticity may be ascribed to the longl 
tudinal orientation of the numerous ultimate fibres, each of which is doubt- 
less capable of undergoing a certain amount of displacement in this direction 
when the composite filament is subjected to strain. 

The data quoted above reier to the percentage extension under the 
breaking strain only. The curves in Plate XVIIl. (in which the unbroken 
lines represent crude Posidpnia filaments) show further that the extension 
commences with a load of 30 to 50 grams, and increases very regulariy with a 
gradually increasing strain, until the breaking point is reached. 



IV,-SPECinC GRAVITY. 

The speciho gravity of the cleaned and washed fibre ’ was dctcrniined 
pyknometrically ; adhering air-bubbles were remevcd by placing the pykuo- 
moter under a partial vacuum for about a minute: 1‘1814 gram of the 
material displaced 0*8253 gram of water at 19®. 

Hence the specific gravitv of the washed and air-dried Bpecimeii was 
1*429. 


C.-CHEMICAL. 

Noi’B, — K or the sake of brevity tlie material under invoHtigation is referred to through- 
out the chemical section of the work as ** the fibre.” 

** Cleaned fibre” denotes material which has undergone tlie processes noted in the 
Introduction. 

” Ihried ” indicates dried at 100'‘ to constant weight. 

“ Moist ” is equivalent to ” air-dried.” 

” Washed ” means washed for 10 minutes in a stream of hot taji water ond rinsed with 
distilled water. 

All temperatures are given in Centigrade units unless otherwise stated. 


V.~-MOISTURE. 

The cleaned fibre (0*6 to 1 grain) was heated in an air-oven at 100® until 
the attainment of constant weight. Different samples, examined at various 
times, gave the following percentage weights of moisture : - 

(i) calculated on the weiglit 

of the moist fibre .. 11*7 12*6 14*9 16*1 17*3 22*7 

(ii) cslculated on the weight 

of the drk*d fibre .. 13*25 14 *4 17*5 19*2 20*9 29*4 


It was found that the water-edntent of the same sample varied from day 
to day, in accordance with the humidity of the atmos])here. The dried 
crude fibre is very hygroscopic. Owing to the nature of the associated 
inorganic salts, it seemed jirobablc that the hygroscopicity of the fibre might 
be lessened by fresh water washing. Accordingly, a sauiplo was well washed 
with hot tap water, rinsed with distilled water, and air-driccl ; the water- 
content of the washed material was then estimated simultaneously with that 
of a specimen of the unwashed fibre. The percentage losses of weight are 
given below : — 

CIpantH) Waalipd 

FU«v. Fibre. 


(i) calculated on the weight of the 

moist fibre . . , . 21 *7 . . Ifi *6 

(ii) calculated on the w'cight of the 

dried fibre 27*7 .. 19*9 


The amount of moisture retained by the fibre may thus be reduced appre- 
ciably by washing it with fresh water. Such treatment also removes 
associated inorganic matter to the extent of 6 *8 per cent, of the weight of 
thb dried fibre (VIII.' and IX.). Taking this factor into account, it may be 
calculated that a ton of the crude cleaned fibre, if washed with fresh water 
and air-dried under the atmospheric conditions obtaining in the above 
experimenti Would be reduced in wei^t to 17| cwt., a loss equivalent to 
l2|,p«IE cent, of the weight of the original unwashed fibre. Oonrideratiotis 
of th^. kind may well possess some degree of technical interest. 
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The effect of exposing the dried specimens of fibre to the air is indicated 
by the following summary, which shows the gains in weight calculated as 
percentages of the amounts of moisture originally present : — 

LfUKtli of KxpoHiirc. 

jt hour. 1 hour. 8 hours. 20 lioiirt*. 

Cleaned fibre .. 10-3 .. 15*3 .. 28*1 .. 47*9 

Washed fibre .. 11*8 .. 17*0 .. 30*4 .. 51*5 

These figures indicate that the waslied fibre tends to attain equilibrium 
with the atmospheric moisture more rapidly than does the unwaslied fibre. 

The following table shows the percentage amounts of moisture absorbed 
by the dried fibre after various periods of exposure 

Limitth of ExpoRurt'. 

I hour. I hour. .8 hoiirR, 20 lioiirR. 

Cleaned fibre .. 2*8 .. 4*2 .. 7*8 .. 13-2 

Washed fibre .. 2*3 .. 3*4 .. 0*0 .. 10*3 

The absolute amount of moisture absorbed ]>y the dried unwashed 
cleaned) fibre is thus always greater than that absorbed by the dried washed 
fibre when exposed under similar conditions. 

All the above determinations were carried out in small stoppered weighing 
bottles, from which the stoppers were removed when it was desired to expose 
the fibre to the atmospliere. ^J'he rate of absorption of moisture by the dried 
fibre may be greatly accelerated by allowing it to stand in the open ; thus, 
when exposed in this way for half-an-hour upon a particularly humid day, 
a sample of the dried unwashcil fibre absorbed OO i)er cent, of the amount of 
moisture originally present. 

The values quoted in the Imperial Institute Reports (2) are 11 *8 per cent, 
of moisture for the cleaned fibre anti 11 '8 per cent, for a different sample of 
the washed fibre ; the calculation was apparently made in each case upon 
the weight of the moist fibre. 

Owing to the varying water-content of the fibre, the results given in this 
Bulletin, unless otherwise stated, are expressed as percentages calculated for 
the dried fibre, the amount of water having been determined when necessary 
upon a blank sample of the fibre weighed out at the same time as the sample 
used for analysis. 

VL--ASH- 

Upon complete ignition the fibre yielded a clean, white ash. The percentage 
amounts obtained from two samples of the cleaned and dried fibre were 11 *0 
and 12*6. 

The following values are also to bo noted ; — 

(i) 6*1 per cent, for the cleaned fibre and 4 *2 per cent, for tlxe washed 

fibre (2). 

(ii) 10*1 per cent, for the crude fibre, reduced by shaking to 11*6 

j>er cent. (18), 

The ash was reduced to 3*1 per cent, by washing the cleaned fibre for 
about ten minutes in a stream of cold fresh water ; and a further reduction 
to 2 *8 per cent, was achieved by washing with hot water in a similar manner. 
By using hot, dilute acetic acid the ash was reduced to 0*2 per cent. (of. 
XV., 2). 



The appended analysis of the ash has been given by Smart (18) for a 
specimen of the cleaned fibre : — 

Table J. — Composition of the Ash of Posidonia Fibre 


Kesidue insoluble in 20 por cent. HOI . . 

1 *65 j[K‘r cent. 

Silica (soluble) 

2 *05 

Iron and alumina (AkO^, Fe^Oa) 

12*75 

Lime (OaO) 

51*60 

Magne.sia (MgO) 

9 *05 

Potash (K>0) 

4*78 

('hlorine (01) 

6*10 

Phosphates (PaOj) . . 

1 -81 

8ulj)hiiric acid (SOa) 

7*30 

Sodium 

Present. 


Vn.-DECOMPOSmON BY HOEAT. 

The cleaned fibre (about 2 grams) was placed in a PK) o.c. distilling flask, 
fitted with a thermometer, and attached to a SchifI nitrometer filled with 
distilled water. The flask was immersed in an oil -bath and maintained at 
100° for 30 minutes, while a current of air was ]iasscd through it for the 
purpose of drying the fibre. The air-current was then stopped and the tem- 
perature raised gradually, while the volume of the gas collecting in tlic 
nitrometer was noted after each rise of 10°. 

The jx)int at which an appreciable decomposition of the fibre set in was 
indicated by a sudden increase in the volume of the liberated gas. By com- 
paring the graphs obtained in two such experiments with that obtained in a 
control experiment (without fibre) it was apparent that a fairly rapid 
decomposition of the fibre sets in at about 200° C. (392° F.). This result is 
of interest in connexion with the use of the fibre as an insulating material 
(XX., 2). Winterbottom (19) state.s that the fibre chars at 350° F. and 
carbonises at 428° P., while combustion .sets in at 500° F. 

It may be noted that the water in the nitrometer became acid and was 
rendered turbid by the passage of the gas. The gas obtained by heating the 
fibre to 280° C. was uninflammable (probably owing to the admixed air), and 
the charred residue in the flask pos.ses.sod the characteristic “ emjiyreiimatic ” 
odour developed under similar conditions by wood. 

Vin.~COLD-WATER WASHING, 

The cleaned fibre was washed in four changes of cold distilled water, 
leaving five minutes each time ; it was then collected on a cloth fdter, washed 
twice with distilled water, and dried at 100° ; 1 *1454 grams of fibre, containing 
17 *3 per cent, of moisture, gave 0*8828 grams of dried product. 

Loss of weight, calculated upon the dried unwashed fibre — 

(i) Including moisture — 27 *7 per cent. 

(ii) Kxcluding moisture = 6 *8 „ 

The loss of weight of 6 *8 per cent, is evidently due to the washing out from 
the fibre of soluble inorganic salts. A similar result was achieved by washing 
the fibre for a few minutes with tap water, followed by a little distilled 
w'Rter, 
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It is noteworthy that washing the fibre with fresh water increases its 
inflaimuabiUty to a marked degree ; upon kindling a well opened saniple of 
the washed fibi’e from beneath, combustion proceeded throughout the entire 
moss of the material ; whereas, with a similar sample of the cleaned unwashed 
fibre, combustion ceased with the removal of the kindling flame. It appears, 
therefore, that for certain applications of the fibre, sea-water would be prefer- 
able to fresh water as a washing agent. 

The removal of associated mineral matter from the fibre is greatly facili- 
tated if it is washed with fresh water and air-dried before being submitted to 
the final mechanical purification. 

IX. -HOT-WATER WASHING. 

1. The cleaned fibre was kept in boiling distilled water for five minutes, 
transferred to a cloth filter, washed with distilled water, and dried at lOO'* ; 
1*6946 grams of fibre, containing 16*1 per cent, of moisturo, gave 1*3249 
grams of dried product. 

Loss of weight, calculated upon the dried unwashed fibre — 

(i) Including moisture 26 *0 per cent. 

(ii) Excluding moisture sx 6 *8 ^ 

2. The cleaned fibre was also kept in boiling distilled water for one hour, 
and then treated as above ; 1 *6027 grams of fibre, containing 16 *1 per cent, 
of moisture, gave 1 *2f 26 grams of dried product. 

Loss of weight, calculated upon the dried unwashed fibre — 

(i) Including moisture 5= 26*8 per cent. 

(ii) Excluding moisture = 7*7 „ 

A .short treatment with boiling water is thus equivalent to a longer treat- 
ment with cold water. Prolonged contact with boiling water appears to affect 
the fibre-substance to a slight extent, as indicated by the last value ; in this 
case the water acquired a pale-yellow colour and the fibre was cleaner, but 
no other alteration was apparent. 

X. -AIJKALINE HYDROLYSIS. 

1. The cleaned fibre was kept in a boiling 1 per cent, solution of sodium 
hydroxide for five minutes, after which it was transferred to a cloth filter and 
well washed — first with distilled water, then with a little dilate acetic acid, 
and finally again with distilled water. TEe bulk of the adhering water was 
aqueese^Wt, and the fibre ojiened out on a paper tray to dry ; the drying 
was eventually completed at 100®, before weighing ; 2 *0717 grains of fibre, 
containing 16 *1 per c^nt. of moisture, gave 1 *5705 grams of dried product. . 

Loss of weight, calculated upon the dri^d fibre — 

(i) Unwashed =» 9 *6 per cent. 

(ii) Washed S'OS „ 

2. The fibre was kept in a boiling 1 per cent, solutioa of sodium hydroxide 

at constant volume for one hour, and then treated as above ; 1 * 7934 grams of 
fibre, containing 16*1 per cent, of moisture, gave 1*5142 grams of <Med 
product. . 

Loss of weight, cal^lated upon the dried %bre 

(i) Unwaslied 12*7 per centr. 

(ii) Washed > 6*3 „ 
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The a- and p- hydrolysis values for the washed and dried fibre arc thus 
3*05 and 6*3 respectively. The following summary gives the values wliich 
have been obtained for various samples of Posidonia fibre (2) ; and correspond- 
ing values for jute (20) have been added, for purposes of comparison : — 


liiin. riMt. 
1 . 


fiiii). Intt. 
\ ». 2 . 


Karri 

a-hydroly sis, loss per cent. 0*1 .. Nil 3 ’05 .. 13*3 

/3-hydroly sis, loss per cent. 1 *9 . . 1 *5 . . 6 *3 .. 18'6 

These figures demonstrate the exceptional resistance offered by the fibre 
to alkaline agents (21), a proj>orty in consonance with the stability exhibited 
by it towards other fibre reagents (XIV., 7). 

During the boiling with dilute alkali the solution acquired an intense 
yellow tinge, and the fibre was stained a golden yellow. 


XI.-ACID PURfflCATION. 

The cleaned fibre was placed in 20 per cent, acetic acid, which was slowly 
raised to the boil. The fibre was then removed and washed with water and 
alcohol; it was finally dried at 100'" and weigbod^ — 1*2818 giams of 
fibre, containing 17*3 per cent, of moisture, gave 0*9084 grams of dried 
product. 

Loss of weight, calculated upon the dried fibre — 

(i) Unwashed — 14*3 per cent. 

(ii) Washed == 8*0 „ 

Of the 8*0 per cent, loss suffered by the washed fibre, 2 *6 per cent, is duo to 
lo.s8 of inorganic material (VI.) ; so that the loss of fibre-substance Is only 
6*4 per cent., calculated on the washed and dried fibre. 

Winterbottom (22) states that 8ample.s of the fibre washed with sea-water 
and cleaned by the dry process gave acid purification losses of 15 to 25 per 
cent., while after fresh-water washing and wet cleaning the loss was only 
6 to 8 per cent. It will bo noticed that these figures arc in agreement with 
the above results. The values obtained for the samxdes examined at the 
Imperial Institute were 7 *8 and 4 *6 per cent. 

It has been estimated that a fresh-water washed fibre, showing an acid 
purification loss of from 6 to 8 per cent., could be prepared and landed at a 
European port at a cost of £19 per ton (23). 

m-MERCERlSATlON. 

The cleaned fibre was left in contact with a 33 per cent, solution of sodium 
hydroxide for one hour, and after thorough washing with distilled water was 
dried at 100® ; 1 *3273 grams of fibre, containbg 17 *3 per cent, of moisture, 
yielded 0*9922 gram of prcaluct. 

Loss of weight, calculated upon the dried fibre— 

(i) Unwashed ^s^= 9*6 ijer cent. 

(ii) Washed — 3*0 „ 

Filaments which have been submitted to this treatment are characterised 
by their pale-yellow colour, pronounced lustre, and distinctly wavy outline. 
The small percentage loss of weight again illustrates the stability of the fibre 
towards certain reagents which . affect other classes of vegetable fibres to a 
marked extent— thus, under similar conditions to the above, jute is stated 
to undergo a loss of 11 per cent. {jiO). 



]6 


Xm.-P0S1D0NIA CELLULOSE. 

1. — ^Estimation. 

(i) In accordance with the standard modification of the Cross and Bevan 
process (24), the cleaned and dried fibre was boiled with 1 per cent, sodium 
hydroxide solution for 30 minutes before chlorination ; exposure to the 
action of the halogen being in all cases continued for one hour after the 
initial rapid absorption had ceased. Treated thus, and subsequently submitted 
in the usual way to the action of alkaline sodium sulphite solution, 4*4440 
grams of the unwashed fibre, dried at 100®, gave 2 '1198 grams of cellulose, 
dried at 100® ; cellulose = 47 *7 per cent. 

A similar determination gave the value 50 ‘5 per cent, for a second sample 
of fibre from the same bundle. 

The moan value, 49*1, when corrected for water-soluble material (IX., 1) 
ajid ash (VI.), gives a percentage cellulose-content for the actual fibre- 
material of 54 *2. 

(ii) More satisfactory results were obtained by using well wasbetl and 
air-dried samples of the fibre, and carrying out a parallel determination of 
moisture and ash — 3 '9810 grams of fibre, containing 18*1 per cent, of mois- 
ture (calculated upon the air-dried fibre) and 2 *82 per cent, of ash (calculated 
on the fibre dried at 100®), yielded 1 *7576 grams of cellulose dried at 1(X)® ; 
and 3 *9298 grains of the same sample yielded 1 *7325 grams of cellulose. 
The percentages of cellulose given by the actual fibre- material are thus 
55 '5 and 55*4 per cent, respectively. 

(hi) In view of the woody nature of the fibre, it was considered advisable 
to estimate the ccllulo.se after a preliminary boiling for one hour with 1 per 
cent, sodium hydroxide. In this case, 1 *1477 grams of the unwashed, air- 
dried fibre, containing 22*7 per cent, of moisture, yielded 0*4103 gram of 
cellulose, dried at 100®. From this reault, the unwashed fibre, dried at 100®, 
would contain 40 *3 per cent. ; the washed (IX., 1) and dried fibre, 49 *6 per 
cent. ; and the pure, ashlesa fibre-material, 51 *0 per cent, of cellulose. 

(iv) The above values for the cellulose-content are appreciably lower than 
those quoted in the Imperial Institute reports, viz., 65*9 per cent, for the 
mechanically cleaned fibre, and 63*6 per cent, for a washed sample. It 
appears, however, that in these determinations the preliminary boiling with 
1 per cent, sodium hydroxide was limited to 5 minutes (26). 

A determination which was carried out by us in this manner resulted as 
follows: — 3*7288 grams of unwashed, air-dried fibre, containing 16*1 per 
cent, of moisture, yielded 2*2613 grams of cellulose, dried at 100®. The 
very high values of 72*3, 77*6, and 79*9 per cent, of cellulose are thus 
obtained for the dried unwashed fibre, the dried washed fibre, and the ashless 
fibre-material respectively. The product was dark-brown in colour, and 
retained the general characteristics of the original fibre ; the natural filaments 
remained to a large extent intact, and the process was obviously incomplete. 

(v) Reviewing the above results, it appears likely that the cellulose-con* 
tent of the pure ashless fibre-material under examination approximated very 
closely to 66 per cent. 
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The average porcsentage amounts of cellulose yielded by jute (26), Poddonia 
fibre, woods (27), and straws (28) are summarised below : — 

Tablb K, — Pkeckktagb Yields of Cellulose from various Sources. 

Jute 70 , . Posidonia 56 . . Pine 67 ... Straws 46 ‘5 

tt> Birch 66 *5 to 

80 Fir 63-3 53*6 

Beech 46*5 
Oak 39-5 

It may be observed that when brought into the atmosphere of chlorine 
the fibre assumed a bright orange colour, which was clianged to brown by 
the alkaline sulphite solution ; the latter colour was also retained by the 
cellulose. The cellulose obtained by methods (i) and (ii) was a pale-brown 
ma* of felteil fibres, closely resembling some of the cruder forms of paper in 
texture and appearance. The natuml filaments were almost entirely disin- 
tegrated into “ ultimate fibres ” during the process of isolating the cellulose. 
In order to render such disintegration absolutely complete, a more prolonged 
treatment was neceasary, the yield of cellulose being then correspondingly 
lower. The cellulose was readily bleachetl to a light-cream colour by treat- 
ment with O'l per cent, fiotassium permanganate solution, followed by 
sulphurous acid. 

2.-' -Chemica! Properties. 

(i) ActioA oi Fdiliaf** Solutm. 

The cellulose obtained by the above methods reduced Fehling’a solution 
only very slightly at the boiling-iK)int ; the cellulose developed a yellow colour 
during the process. 

(ii) Actran el ConcMitrmtwi Sidlpliiiric Acid. 

It dissolved readUy in cold concentrated sulphuric acid, giving a pale- 
brown solution which gradually darkened and became opaque ; a clear, 
faintly yellow liquid resiilted on pouring this solution into water. On boiling 
the aqueous solution for a short time and adding a sfight excess of sodium 
hydroxide, an intense yellow tinge was produced, and the hot alkaline liquid 
reduced Fehling’s solution markedly. The products of resolution, which 
should be of considerable interest, have not yet been investigated. , 

(lii) Hfirocoopic Montm mnA Ash. 

l^e hygroscopic moisture, or water of condition, of the air-dried cellulose 
was estimated at 10 *1 per cent, (calculated on the air-dri6d material^ and the 
ash at 0*1 per cent, (calculated on the cellulose dried at 100"^). 

(hr) Fnrforal Val«M. 

By distilling the air-dried cellulose with 12 per cent, hydrochloric acid and 
precipitating as phloroglucide (29), the yields of furfural obtained in a duplicate 
determination amount to 9*18 and 9*23 per cent., respectively, calculated 
upon the pure dry cellulose. The following list shows how Posidonia cellulose 
compares with other celluloses in this respect : — 

Table t.— PuRt‘URAL Values of various Celluloses. 

P«roMitflfe of 
Furfural. 

^ Woods (coniferous) (80) .. 2 to 3*^ 

Woo^s (general) (31) .. 2 to 6 

Jute (32). .. 4to5 

BoeidoniR . , •• . .. $*2 

dtra'Ess and (30) . . . . 12 to 13 
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(v) Actwn of AniliiM ond of Phlorogliiciiiol* 

Pof^idoiiia cellulose develops no colour when heated witli acid dilutions of 
aniline or phloroplucinol. 

(vi) Nitrotioii* 

•Specimens of Posidonia cellulose (XIII, 1, ii) were nitrated for one hour 
at the ordinary temperature in a mixture of equal volumes of concentrated 
nitric acid (sp. gr. 1 *42) and concentrated sulphuric acid (sp. gr. 1 ’84). The 
product was drained, washed thoroughly with cold and hot water, and dried 
at 100'’ (25); 1 '5138 grams of the dried cellulose gave 2*0285 grams of 
nitrated product ; and 1 *5070 grams of the dried cellulose gave 2 *0050 grams 
of nitrated product. Hence, the mean yield, calciilate<l upon the weight of 
dried cellulose, was 133*5 per cent. 

The product, which contained 10*03 per cent, of nitrogen (estimated by 
the Lunge nitrometer), was only slightly (‘oloured, and it possessed the rough 
feel cluiracterifitie of nitrated celluloses. Instead of remaining distinct, a* 
in the case of nitrated Posidonia fibre (XV.), the fibres of nitr.stefl Posidonia 
cellulose tended to form small felte<1 aggregates. Ignition occime^l with 
great rajudity, and the residue was insignificant. Gelatiiiisation with 
alcohol-ether was practically as complete as in the case of nitrated cotton 
wool prepared under similar conditions. 

Cotton-wool, when nitratc^l in a similar manner, gave a yield of 10D*5 pei 
cent. (XV., 1, iv). 

By nitrating Posidonia cellulose for sixteen hours in a mixture of three 
part« by weight of concentrated sulphuric acid (sp. gr. 1 *84) and one part of 
fuming nitric acid (sp. gr. I *5), the yield of nitrated cellulose obtained was 
practically the same as with the weaker nitrating acid, viz., 133 *8 per cent. 
The product contained only 11 *51 per cent, of nitrogen. These low values 
may perhajis be aftnbuted to the pronounced chemical reactivity of cortaiu 
of the cellulose components (XIII., 3), and their consequent disintegration 
in presence of the strong nitrating acid, ft may be remarked that some of 
the apeciincns of the higher nitrate proved to be so unstable as to decompose 
with explosive violence during the drying operation. 

(vii) PrtparatSoM of VitcoM. 

When mercerised with strong sodium hydroxide solution for two days, 
a ])ale yellow alkali-cellulose was obtained, which upon treatment in the 
usual way (38) with carbon disulphide and water yielded a pale-brown 
viscose. 

Satisfactory cellulose films were prepared from such laboratory specimens 
f>f Posidonia viscose. 

3.— Vaiietiet of Potidonia CeUulote. 

(i) In attempting to free the fibre from inorganic matter and incidental 
impurities, recour.se was had, among other methods, to boiling the fibre with 
dilute sulphuric acid. Two samples of the washed fibre, which had been dried 
at 100®, were boiled for three hours at constant volume with 3 per cent, 
sulphuric acid ; 5*6949 grams gWe 3*5812 grams of product, and 5*1920 
grams gave 3*2330 grams of product, dried at 100®. Tbe two samples thus 
underwent respective losses in weight of 37 *1 and 37 *7 per cent, ; and, 
taking into account the presence of 2 *8 and 0 *7 per cent, of asl^ in the originai 
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and the treated fibre, respectively, the mean loss of actual fibre-material was 
8(5 *3 per cent. The product con5«isted of a mass of brown, brittle filaments, 
averaging not more than 0*5 cm. in length. Tn each case the acid liquor 
when neutralised roducod Fehling’s solution markedly. 

^ A second treatment of the residual fibre witli a fresh quantity of acid for 
a further period of three hours resulted in no further appreciable loss of 
weight, and tlic liquor exerted no reducing actioii upon Kehling’a solution. 
In a particular case the total loss after the doubh* treatment amounted to 
35 ’7 per cent., calculated for the fibre-fnatcrial, as above. It appears, there- 
fore, that the fibre-material undergoes a fairly constant loss of about S6 per 
cent, when boiled for three hours or more with 3 ])or cent, sulphuric acid. 

The residual fibre, when distilled with 12 per cent, hydrochloric acid in 
the usual manner, yielded 3 *85 per cent, of furfural, corresponding only to 
33 per cent, of the furfuroids of the original fibre (XINT., 5). 

The yield of cellulose, isolated by the standard method (XllJ., 1, ii), 
amounted to very nearly 50 per cent., calculated on the ]>ure fibre-material ; 
3 *2330 grams of re.sidual fibre, containing 0 •? per cent, of ash, gave 1 *0000 
grams of cellulose, dried at 100®. Tl^t this cellulose was not identical 
with that ol)tained directly ftom the fibre (XllL, I, i and ii) Is at once 
evident from the fact that it yielded onlv 3 ’7 per rent, of furfural (ef. 
XITT., 2, iv). 


The cellulose j)repare<l in this way represents only 58 per cent, of that 
obtained from the original fibre by tlie direct process ; its furfural constant 
is much lower; and, although changed to a dull brown colour when boiled 
with Fehling s solution, it efTocts no appreciable reduction : it may therefore 
be regarded as a resistant a-cellulose. Further, postulating that the furfuroid 
complexes of the a-cellulose have undergone no alteration under the influence 
of the sulphuric acid and that none of the a-celluloso has been lost, the 
original cellulose (obtained in 55 per cent, yield from the fibre, and corres- 
ponding to 9 *2 per cent, of furfural) may be regarded us consisting of 58 per 
cent of a-cellulose, yielding 3 *7 )>er cent, of furfural, and 42 ])er rent, of othc'r 
adlulos<w, corresponding to 16*8 per cent, of furfural. 


The re1ation:'hip8 concerned are sunmiarised below : 


100 g. original fibre - 
substance (7 *5 per 
cent, fiufiiral) ; 


r 23 g. celluloses dissolved 
! (16 *8 per cent, furfural) ; 

3 })©r cent. J 13 g. other com|X»nents 
H3SO4 dissolved ; 

^ 64 g. residual fibre (3*85 

^ lier cent, furfural). 


chlorine- | sulphite process 

i 

55 g. crude cellulose (9 *2 per cent, 
furfural). 


rhiopino- 


sulphite i»roc.e8S 


32 g. a-cellulose (3*7 per cent 
furfural). 


(ii) The results just reviewed were supplemented by an examination of 
Posidonia cellulose obtained directly from the fibre (XIIT., 1, ii). When 
macerated for })alf-an-bour with 17*5 per cent, sodium hydroxide solution, 
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according to the method described by Cross ^aud Bevan (31), tha material 
was resolved into a resistant a^ccUulose, insoluble in alkali ; a jS-oellulose; 
which was precipitated from the filtrate on the addition of acid; and a 
ycellulose, which remained in the acid solution. The percentage yields, 
corrected for loss weight at 100^* and for the ash of the original cellul^ 
(0*1 per cent.), are appended. The water-content and furfural values ar^ 
also recorded 


Tabus M. — Composition of Cbube Posioonia Cellulose. 


Material. 

PeroentHgo 
AmouDfai 
(drlod at 100'). 

Loss of Weight 
at 100^ 

Furfurnl Value. 

Crude Posidonia oollulose . . 

100 

10 per cent. 

9-2 

fi-Po«idonia oelluloae . . 

79-2 

13 „ 

2*9 

, ^-Posidonia cellulose .. .. 

6-3 


. . 

; •Posidonia oollulose . . 

15*5 (diff.) 


, 28 '9 


The yield of resistant «-oellulose, calculated on the weight of the original 
fibre-substance (43*6 per centd is thus markedly higher than that obtained 
by the first method described (32 per cent.). When the lower furfural value 
of the second product is also taken into accoUht, the second method of reso- 
lution appears to be preferable to the first. It is noteworthy, however, 
that the resolving action of the caustic alkali upon these celluloses is 
indeterminate, depending upon the time of contact, &c. (34) ; whereas the 
action of dilute sulphuric acid on the fibre-substance seems to be well defined. 
A more detailed investigation of these relationships seems to be desirable 
in connexion with the study of the cellulose chemistry. 

The action of caustic alkali upon the a-cellulose possessing the liighet 
furfural value (3*7 per cent,), which is also a poii^t of interest, was not 
examined, as a further characterisation of these products was considered to 
be beyond the scope of the present investigation. It is hoped, however, 
that the work may be extended at a later dat(*. 

In connexion with the aspect of the subject under review, the following 
summary is of interest os revealing a decided chemical similarity between 
Posidonia cellulose and Esparto cellulose 

Table N,— A Chemical Comparisok op Posidonia and Esx>arix) 


Celluloses. 


« 

MatHrlal. 

Posldoiria Celluloae. 

Esparto Cellulose (35). 

Propprtkm 
per cent. 

Purttiral 

Value. 

Preportton 
per oeut. 

Furhirai 

Value. 

Crude oellulose ' . . ' 

'/-xMittulose /. 

/i~oeihilo60 
'/-cellulose %, 

100 

79*2 

5 ‘3 
15-5 

9*2 

2*9 

28*9 

100 

84*1 

16*9 

12*5 

4*0 

26*0 




The chemical b^avioux of Posidonia oefiblosa shows that it differs mar^kedly 
from the normal oelltdoee of cotton, fiax, Ao., and that it parthkes rather 
of the nature of ap ozyce)luk)se (36), thus lesemWng .ihe cdHoiose 








jute, and, more closely, 'the celluloses from cereal straws and esparto. The 
data summarised in the following classificatory scheme for the fibrous 
celluloses (30) may be quoted in order to illustrate the relationships 
concerned : — 


Table 0.— Classifk^ation ok the Fibrous Celluloses. 


MatcrlHl. 

Fnr(tir»l 
per cent. 

Pt-hllhR’H Sdlutloii 

(a) Cotton, flax, hemp . . . . 

0-2- 0-5 

No roduotiuli 

(6) Wood (coniferouH) . . 1 

2 0- 3 0 

Slight reduction 

(c) Esparto, straw . . . . 

12 0-13*0 

Coiisiderablo reduction 

Posidonia . . 

9*2 

Slight reduction 


Posidonia cellulose would thus appear to differ chemically from the 
usual celluloses obtained from woorls and lignified tissues, which yield from 
2 to 6 per cent, of furfural (31), and to occupy an intermediate position 
between these celluloses and those of the straws and esparto, inclining 
to the latter class. Posidonia cellulose, however, may be discriminated very 
readily from the straw and esparto celluloses through the fact that whereas 
these celluloses give a rose-red colouration with a hot solution of an aniline 
salt, Posidonia cellulose develops no colour (or, at the most, a faint-yellow 
tinge) with the reagent. 

The distinction between Posidonia cellulose and “ normal cellulose is 
further strikingly illustrated by the results of nitration experiments — cotton- 
wool gives a much higher yield than Posidonia cellulose, and the two products 
exhibit a very groat difference in stability. 

5«~-Potidoiiia CeUulote at a Paper-making Material. 

The question of the utilization of tlie fibre in the paper-making industry 
has been investigated and discuased by Hargreaves (37) and Earl (38), who 
conclude that- Posidonia cellulose would be a suitable material for that purpose, 
provided only that certain economic conditions could be fulfilled. In the 
first place, the cost of production of the fibre would have t<* be reduced to £4 
per ton, or less ; and, secondly, since the chemical behaviour of the fibre 
points to chlorine as the most effective resolving agent, a cheap supply of 
that element would be needed. The Kellner electrolytic process for isolating 
uellolose, in which the chlorine is produced by the electrolysis of brine, has 
therefor^ been suggested as the most suitable in the case of Posidonia 
fibre. 

, As regai*ds the present investigation, it is indicated below (XVII., 2, vi) 
that in structure, and dimensions the ultimate fibre of Posidoma resembles 
other fibres which are used extensively in paper-making. The flexibility 
q£ the fibre, and its felting properties, Ac., are likewise distinctly favorable 
(iMstnrs for this general purpose. Further, it is of interest that the chemical 
ciharacteristins of Posidonia cellulose, in particular the' high furfural value, 
point to its suitabilitjr as a material for the manufacture more especially of 
printing paper and the lov^er grades of writing papers (39). 
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Whether the peculiar association of properties encountered in the Posidonia 
fibre would fit it pre-eminently, either alone or in admixture with other types 
of fibre, for the achievement of any special purpose in the paper-making 
industry, is a matter for technological opinion and research (cf. XX., 5). 
One peculiarity may, however, be mentioned in this place. Although emphasis 
has been laid upon the importance of straw as an Australian raw material 
for use in paper-making (40), it should be noted that Posidonia cellulose i» 
not coloured by solutions of aromatic amines (XIIT., 2, v) ; whereas the 
reactivity of straw and esparto cellulose's towards such reagents may be 
reganled as a marked defect of these paper-making materials (41). 


XIV.-CHEMICAL NATURE OF POSIDONIA FIBRE. 

1. — Colour Reactions. 

In jirevious investigations of Posidonia fibre attention has been directed 
to its chemical similarity to jute (2), which is regarded by Ooss and Bevan 
08 the chemical ])rototype of the substance of lignified tksues (42). Although 
various chemical teats when applied to Posidonia fibre yield results broadly 
analogous to those recorded for jute, yet in most cases it is possible to establish 
a definit-e distinction between the two materials. 

Thus, the specific colour reactions are usually more intense for Posidonia 
than for jute, as is evident from the following results of a series of comparative 
tests carried out on samples of the two jnaterials : — 

Table P. — Colour Reactions ok Jute ano Posjdonia Fibre. 


(k>Io«r 




.Vnihrtu hydrochloride 
/)-Kitraniline hydrochloride . . 
IMmethyl • p • pheny lenedia in ine su 1 pha te 
Phloroglucinol in HCl 
Ferric feiiicyanido . . 

Chlorine 

( 'hlorino followed by sodiuei sulphite . . 



iN«idonla. 

Palo yellow 

Beep golden yellow 

Leia »n yellow 

I itenso oraige red 

Intense purple 

In^e ise purple 

Palo magenta 

Beej) magenta 

Beep blue 

Ver\* deep blui 

Bright yellow 

Bright orange 

Magenta red . . | 

Brown 


. The reducing action exerted upon ferric ferricyanide is pronounced, and 
a considerable amount of pigment is absorbed. Like jute, the fibre absorbs 
Iodine from a dilute solution in potassium iodide, thereby assuming a golden- 
brown colour. When steeped in silver nitrate solution the fibre is stained a 
greyish colour, oAving apparently to mluction of the reagent. Cochineal 
tincture has little effect upon the fibre. Colourless magenta colours it pink. 
Concentrated nitric acid produces a colour ranging from golden-brown to 
dark-brown. 

The above colour reactions clearly resemble those of the woods ; and it 
appears that Posidonia fibte is le^ saturated and more reactive than jute, 
and thus corresponds to a higher proportion of lignone. h'urther evidence 
in Hiipporti of this view is adduceil in the sequel. 
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2.— Phlorogludnol Value. 

In the case of phloroglucinol the colour reaction was traced quantitatively 
by submitting the fibre to the action of a measured excess of phloroglucinol 
ill presence of hydrochloric acid and titrating back with a standardised 
formaldehyde solution, according to the method described by Croas, Bevan, 
and Briggs (43). The phloroglucinol absorption values obtained as the 
result of a determination carried out in duplicate upon the fibre were 8*57 
and 8 ’37 ; these numbers denote the quantity of phloroglucinol reacting 
with the lignocellulose, expressed as a percentage on a sample of the washed 
and dried fibre yielding 2 *8 per cent, of ash. The mean value for the pure 
ashleas fibre is thus 8 '71. The values obtained by the above investigators 
for various related materials are ap])ended for purjinses of coiufiarison : — 

Table Q. -Phloroglucinol Values of some Lignocklluloses. 

.Into (best). .Tut.* (ordinary). Wowbllllhl Po»» Won In I’ll >rr. 

3-98 4*23 6*71 8*71 

Assuming (44) the ratio lignone : phloroglucinol = 100 : 23*2, the above 
result corresponds to 37 *5 per cent, of lignone for Posidouia fibre. Although 
the numerical expression is to bo accepted with caution, it is evident that the 
chemical characteristics of the material under examination are those of an 
exceptionally highly lignified cellulose. 

3« — ^M«thyl Value. 

A certain amount of Hght is thrown upon the composition of lignified 
tissues by applying the Zeiscl method for the determination of meth<»xyl, 
the ** methyl value ” for “ pure lignin ” being taken as 52*9 (45). 

In the case of Posidonia fibre, a specimen which had been purified with 
hot 20 per cent, acetic acid (XI.) gave 4 *45 per cent, of methoxyl, as a mean 
of three concordant results, after allowing for moisture (10*5 per cent) and 
ash (0*2 per cent.). The corresponding value for jute (46) is 4*6 ]wr cent., 
and for beech* (47) 6*0 per cent. 

The methyl value for the pure fibre-substanoe is thus 21 *6, corresponding, 
according to the above convention, to 40*8 per cent, of lignin. The methyl 
value 21 *20, corresponding to 40 *20 per cfent. of lignin, has been quoted for 
jute (48). 

Posidonia cellulose, prepared as described above (XIll,, 1, ii), yielded 
only 0 *13 per cent, of methoxyl, this value being the moan of three concordant 
results, corrected for moisture (7*8 per cent.) and ash (0*1 per cent.). The 
methoxyl groups of Posidonia lignocellulose, like those of jute lignocellulose 
(46), are thus associated with the lignone complex. 

4— -Elementury ComiKNiition* 

The amounts of carbon and hydrogen in the fibre were estimated according 
to Tiiebig’s method, the samples having been thoroughly wash^, and dried 
at 100®, prior to combustion. The mean values, derived from a series ot 
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four determinations, were 46 *62 per cent, of carbon and 6 *73 per cent, of 
hydrogen ; and as the dried fibre contained 2 *82 per cent, of ash, the corrected 
values are as below- 

0 — 48*0 per cent. 

H ===6-8 

0(diil.) -r 46-2 „ 

The high percentage of carbon is consonant with the inchision of the 
fibre in the lignocellulosc group, the following carbon percentages b^ng 
quoterl by ‘Matthews (20) 

Ootion Ci'lhiloKo. IJ^nncelhilOHett. 

44 *4 40 to 43 . . 45 to 50 

Accepting the value C ^ 47 *08 per cent, for purified jute, Cross (49) 
indicates that the relative amounts of lignone (0 ~ 57 *8 per cent.) and cellu- 
lose (C 44 *4 per cent.) are 20 per cent, and 80 per cent., respectively. The 
corresiionding values obtained from the above analysis of Fosidonia fibre 
are, approximately, 30 per cent, and 70 per cent. 

In connexion with the position of the fibre in the grouf) of lignocelluloses, 
the following figures (50) are of interest : — 



1 

.Tutfr*. 

i 

PfViMottL'v. { 

Boecli. 

Carbon per cent. 

46 5 to 47*0 j 

48*0 

40* 1* 


S.— Fiirfiir«l Value. 

Two sam])lcs of the washed and air-dried fibre when distilled with 12 per 
cent, hydrochloric aeidi yielded, respectively, 7 *53 and 7 *42 per cent, of 
furfural, estimated in the manner indicated above (XIII., 2, iv) and calcu- 
lated upon the weight of the dry, ashless fibrel The mean value is thui 
Jess than the corresponding value for either jute (32) or beech-wood (47) : — 
Table R.— Furfural Values of some Lionooelluloses. 



Posidonlii Fibre. | 

JTute Fibre. 

Beeoh-wood. 

Furfural per oent. 

7*6 

8 to 9 

12*8 


The value 9 *2 obtained for Fosidonia cellulose (XIIl., 2, iv) corresponds 
only fei 5*1 per cMtt. calculated upon the weight of the origimd fibre from 
which the cellulose was prepared; so that the remaining 2*4 per oemt. of 
furfural is produced from furfural-yielding groups which disappear during 
the isolation of the cellnlose. From these data it appears that abotit 68 per 
cent, of the fnifuroids are conserved in Fosidonia c^ulose, as agmnst 50 per 
cent, in the case of jute (51). 

The curious fact is thus revealed that, although Posidbnia fibre yields 
somewhat less fprfural than jute fibre, yet J^oddoma cellulose yieUb about 
twice as much furfural as'cl^ jute cellulose (Table L). A imteWorth)'' 
distinction exists therefore between these two varieties of lignoeellfilbse. 















6.-~Actiott of Halosent. 

A very pronounceri chemical characteristic of the fibre is its susceptibility 
to the halogen elements, particularly to chlorine. The structural disin- 
tegration produced by chlorine and bromine has already been described 
(II., 2) ; chemically, the action of chlorine is of particular interest as affording 
the best means of isolating the fibre-cellulose (XIII., 1). 

Clilorine is absorbed by the moist fibre, especially after a short boiling 
with 1 per cent, sodium hydroxide, with remarkable avidity and completeness. 
The absorption is effected with such ease that the fibre might well be used, 
in conjunction with alkali, as a filling for respirators designed for use in a 
chlorine-laden atmosphere. I'he volume of chlorine disappearing in the 
chlorination of the fibre is largo, and hydrochloric acid is produced to a marked 
extent during the process. 

It is stated by Cross and Bevan (52) that in the case of jute about one-half 
of the disappearing chlorine (which amounts to about 16 or 17 per cent, of 
the weight of the fibre) is eliminated as hydrogen chloride : from which it 
is concluded that with jute the reaction is one of simple replacement of 
hydrogen by chlorine, although in the case of other lignocelluloses it is 
indicated that oxidative processes may occur simultaneously. 

Repeated attempts were made to determine the volume of chlorine which 
disappears in the chlorination of Posidonia fibre ; but neither by the use of 
Cross and Sevan’s original apparatus (53) nor by the employment of the 
Lunge nitrometer could concordant results be obtained. Control experiments 
showed a gradual and indefinitely prolonged absorption of chlorine, in the 
absence of the fibre, under the conditions prescribed ; and as it was not found 
possible to deduce any satisfactory correction from the control experiments, 
the determination was at length abandoned. The results indicated that the 
amount of chlorine reacting with Posidonia fibre is of the same order as the 
amount quoted by Cross and Re van for jute. 

T.—Behaviour towards other Reagents. 

Posidonia fibre resists the solvent action of such cellulose reagents as zinc 
chloride solution, the Schweizer reagent (cf. XVIII., 12), caustic soda solu- 
tions, &c. (X. and XII.): in these particulars it differs from the ligno- 
ceUuloses of the jute type and resembles the woods, and, to a lesser extent, 
the cereal straws. 

When left in contact with strong sodium hydroxide solution for several 
days and then exposed to the action of carbon disulphide vapour, partial 
gelatinisation occurred (cf. XIII., 2, vii). The woods are unaffected by such 
treatment (47). 

8.*-Suiiuiigry. 

The chemical behaviour of Posidonia fibre corresponds to that of a 
reactive Ugnocellulose intermediate in character between jute lignocellulose 
and wood lignocellulose, although the derived cellulose appears to be more 
closely relat^ to straw and esparto celluloses than to those of jute or woods 
(XIII., 4). Posidonia fibre, although mor^ reactive and less saturated than 
Jute, as illustrated, e.g.^ by the phlorogluoinol reaction (XIV., 2), is in niany^ 
respects more resistant than jute towards chemical influences, and this is 
particularly the case with alkaline reagente (X. and XII.). 



The proportion of lignone in the cose of Posiddma fibre probabl^r amounts 
to about 40 per cent, as compared with 30 per cent for jute. 

In contrast to the usual monoootyledonous fibre-aggregates, such as 
phormium, aloe fibres, esparto, and bamboo, Posidonia fibre appears to coiti^ist 
solely of lignocellulose, rather than of lignocellulose associated with peoto- 
celldoae. The absence of the latter may be due to the retting action of sea- 
water on the original material. 


XV^NTTRATION OF POSIDONU FIBRE. 
l.—Paitial Nitration. 

The nitrations described below were effected by immersing the fibre, for 
a period of one hoar at the ordinary temperature, in a mixture of equal 
volumes of concentrated nitric acid (sp. gr. 1 *42) and concentrated suiphurio 
acid (sp. gr. 1 *84). The product was drained and immersed in a large volume 
of dist^kd water ; after a subsequent washing with cold water, it was heated 
to the boiling point with a fresh quantity of water, and .finally dried at 100^ 
(26). 

(i) A sample of the cleaned, unwashed fibre, weighing I *3236 grams and 
containing 14*9 per cent, of moisture, gave 0*97CX) gram of nitrated product. 

Loss of weight, calculated upon the dried fibre — 

Unwashed == 13 *9 per cent. 

Washed = 7 *6 „ 

Imperial Institute value (2), 7 *0 per cent. gain. 

The product consisted of soft, brittle ** fibres,^’ much shorter than the 
original filaments^ and possessing a pale-yellow colour, in agreement with 
the lignified nature of the raw material. A brownish-yellow colour was 
imparted to the nitrating acid. The product contained 9*30 per cent, of* 
nitrogen ; it burnt rapidly, with the deposition of a considerable amount of 
a black residue. In contact with alcohol-other it gelatinised to some extent, 
leaving, however, a large residue of hard fibrous material. 

(ii) A dried s^imen of the fibre which had been boiled in 1 per cent, 
sodmm hydroxide for one hour was nitrated in the same maimer; 1*^2894 
gramfi yielded 1 *2294 grams of nitrated product. 

Loss of weight, calculated upon the prepared fibre 4 *65 per cent. 

. Loss of weight, calculated upon the unwashed 16*8' 
origiiuil fibjre (dried) 

Lose of w<»ght» calculated upon the washed 10*7 „ 

original fibre (dried) 

The product rambled that plumed the crude fibre^ except that 
sotticwhi^ less ash was produced upon ignition* After keeping for sevefs} 
months it decomposed rapidly when heated to about 86^ 
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(iii) A dded spedmen of the fibre which hed been submittel to a preiini' 
inary boiling for three hours at constant volume with 3 per cent, sulphuric 
acid was also nitrated similarly ; 1 *3284 grams of the prepared fibre gave 
1 *5876 grams of nitrated product. 

Increase of weight, calculated upon the prepared =• 15 *7 per cent, 
fibre 

. Loss of weight, calculated upon the unwashed » 32*5 „ 

original fibre (dried) 

Loss of weight, calculated upon the washed ==>27*6 „ 

origuial fibre (dried) 

The soft, brittle fibrous product was orange-yellow in colour, and con- 
tained 9 *77 per cent, of nitrogen. The rate of ignition was higher than that 
of the products described above ; and the amount of residue was leas, although 
srill very appreciable. Gelatinisation with alcohol-ether was somewhat more 
complete than in the foregoing cases. 

(iv) A control nitration carried out upon a sample of dried cotton-wool 
resulted in a gain in weight of 69*5 per cent. In general behaviour the 
product resembled very closely the samples of nitrated Posidonia oellolose 
(XIll., 2, vi) ; in texture, however, it was more akin to the specimens of 
nitrated fibre. 

Thus, as regards the yields obtained upon nitration, Posidonia fibre differs 
markedly from jute, and exhibits a similarity to the woods (54). 

2*--Complete Nilratioii : the Fibre at a Source of Exploeivee. 

From the result of an investigation carried out upon the fibre by Smart 
(18), the difficulty attendant upon the production of a fibre of low ash content 
would apx^ear to provide thi chief obstacle to its employment ns the source 
of a guncotton comparable in stability to Waltham Abbey guncotton. 
The fibre was prepared by boiling it with 3 per cent, sulphuric acid for three 
hours, and after washing and drying in an oven was nitrated for twelve hours 
in a mixture of three parts by weight of sulphurib acid (sp. gr. 1 *84) and 
one part of fuming nitric acid (sp. gr, 1 *5). The prepared fibre gave a 72 
per cent, yield of an ash-free product containing 12 *3 per cent, of nitrogen. 
The product gave an Abel heat test of lOJ minutes at 170° F. ; and when 
subjected to the Will test at 135° C., 2 *5^ grams jrielded 6 *4 milligrams of 
nitrogen per four hours, the corresponding value for Waltham Abbey gun- 
cotton being 6*0 to 6*5 milligrams. The stability was unimpaired after a 
lapse of three years. 

As regards the yield of nitrated product, the fibre thus compares very 
unfavorably with cotton-wooi, and scarcely less so with the more closely 
xeUted material jute, which according to Muhlhaeuser (55) yielded 136 per 
cent, of a product containing up to 12 *03 per cent, of nitrogen when nitrated 
for three hours in a similar mixture. It will be noticed that when submitted 
to mfider nitration described above (XV., 1), a sample of the fibre prepared 
in 'the same way gave a yield of. 115 *7 p^ cent. ; it appears, therefore, that 
th6 stronger nijimting mixture acting lor a longer period causes a constdeniifie 
^Mfiegratioh and consequent loss M the fibre-substance. 
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In order to test this point further, another portion of the prepared fibre 
was immersed for 30 minutes only in the strong nitrating mixture used by 
Smart. The yield in this case was 108*6 per cent., but the nitrogen-content 
of the product was only 10*1 per cent. Thus, the shorter nitration, although 
lessening appreciably the loss of fibre-substance, yielded an incompletely 
nitrated product. 

In further connexion with the question of yields, it has been shown 
(XllI, 3) that the above method of boiling the fibre with 3 per cent, sulphuric 
acid, preparatory to nitration, results in the loss of 36 per cent, of the fibre- 
material, including 42 per cent, of the fibre-cellulose *, consequently, the 
yield of nitrated product, when calculated upon the weight of the original 
washed and dried fibre, amounts only to 46 per cent., instead of 72 per cent. 

It is therefore apparent that a less destructive preliminary treatment of 
the fibre would be desirable in any nitrating operations conducted upon the 
large scale ; and in view of the suggestions which have been made from time 
to time regarding the possibility of utilising Posidonia fibre as a source of 
guncottCn. some attention has been devoted to this aspect of the nitration 
grocess. 

In the first place, it has already been indicated that the elimination to 
the requisite extent of the inorganic matter associated with the fibre is a 
matter of some difficulty. The sulphuric acid treatment, which appears to 
be the most efficient of the many methods investigated by Smart, reduced 
the ash to 0 *68 per cent. The majority of the methods involved the-abjec- 
tionable feature of a prolonged or repeated exposure of the fibre to the action 
of mineral acids or caustic alkali ; while, on the other hand, continued 
shaking of the fibre, alone and with water, gave a product which still contained 
2 *8 per cent, of ash. 

It has been recorded above (VI.) that a sample of the fibre, after a thorough 
washing with cold water, yielded 3*1 per cent, of ash ; while a hot-water wash- 
ing reduced the ash to ^*8 per cent. The difficulty of reducing the a.sh to 
the desirable maximum of 0*5 per cent, before nitrating the fibre is thus 
manifeJit, However, by washing first with hot water and then with hot 20 
per cent, acetic acid, the ash was eventually reduced to 0*2 per cent, with a 
loss of only 6 *4 per cent, of the fibre-material ; and probably it would be 
possible to devise a still more suitable method of washing. The comparative 
ineffectiveness of dilute sulphuric acid in reducing the ash may perhaps be 
ascribed to the high percentage of lime in the inorganic constituents of the 
fibre (Table J.). 

A fibre o! low asb-oontent having been obtained in this manner, its 
behaviour towards the usual nitrating mixture was next investigated. 

When nitrated for sixteen hours with the mixture of concentrated sul- 
phuric acid and fuming nitric acid noted above, two samples of the fibre 
which had been submitteii to the preliminary purification with acetic acid 
yielded, respectively, 82*9 and 82*0 per cent, of nitrated product. These 
figures correspond to a mean yield of about 76 per cent., calculated on the 
original washed and dried fibre, ^ against 46 per cent, when dilute sulphuric 
acid was used in preparing the fibre lor nitration. 
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Although the yield of nitrated fibre may be couv«»iderably augmented in 
this way, the product proved to bo decidedly inferior to that obtained in the 
manner adop^ by Smart ; stability tests yielded unsatisfactory results ; 
and it is significant that the mean percentage of nitrogen was as low as 10 '40. 
It is apparent, therefore, that the preliminary treatment of the fibre with 
dilute sulphuric acid, besides reducing the ash, eliminated material which 
exerts a prejudicial effect upon the process of nitration and the character 
of the nitrated product; this result is doubtlessly connected with the 
differences exhibited by specimens of cellulose prepared from the fibre before 
and after the prolonged boiling with dilute sulphuric acid (XIII., 3). In 
other words, the stability of the guncotton prepared by Smart’s method is 
to be associated with the fall in the furfural value of the raw material. 

The results of these investigations indicate that the preparation of a 
stable guncotton from Posidonia, although possible, would be a docijledly 
wasteful and expensive [iroccss ; added to which, the large proportion of 
fine, short fibre is to ]>e classed as a disadvantage Moreover, in considering 
the possibilities of the fibre as a source of guncotton, it should not be over- 
looked that the appreciable divergencies which have been observcfl between 
different samples of the fibre might well liindcr the attainment of the high 
degree of constancy of composition which is so essential in a service gun- 
cotton, It is also to be anticipated that a guncotton produced from a 
lignooellulo.se, yielding us little as 50 per cent, of a furfuroid ’'-(jellulose 
(XIII., 3, i), would possess characteristics appreciably different from’ tho.se 
of a product derived fiom so [mre a source of normal ” cellulose as cotton- 
wool. A complete set of com])arative tests, (*arried out upon representative 
samples of the fibre from different localities, would be necessary in order to 
secure exact data in connexion with these points ; but in view o! the necessity 
for the adoption of a .standard sendee guncotton throughout the Empire 
it appears extremely unlikely, from any point of view, that the fibre could 
ever be utilised as a source of guncotton for military purposes. 

It may be noted that crude Posidonia cellulose, although readily capable 
of nitration, is less homogeneous and considerably more reactive than the 
“ normal ” cotton celluhwe, and should consequently be less suitable for thj 
manafacture of guncotton (50). The results of the nitration exjjeriments 
described above (XIII., 2, vi) are in accordance with such antioij)ations. 

The liighly nitrated fibre might find a limited application as a component 
of blasting explosives, and a lower nitrated product would appear to be well 
adapted to the manufacture of bulk ” or shot-gun powders (57) ; but, 
apart from such minor possibilities, Posidonia fibre can hardly bo regarded as 
suitable for the large-scale production of exjdosives. 

XVL-DYEING PROPERTIES OF POSIDONIA FIBRE. 

The chemical reactivity of tlie lignocelluloscs is attributed to their lignone 
components, which behave as imsaturated aldehydes and ketones. Among 
reactions typical of the lignoeelluloses are certain characteristic colour 
reactions given with phenols and aromatic amines ; such reagents, therefore, 
act 08 substantive dyes when brought into contact with the fibre. Thus, 
it has been shown above (XIV., 1) that Posidonia fibre is dyed a deep golden 



Tellow with aniline salts, while A\ith jp-nitraniline the shade is deepened to an 
intense orange red. The unusually high absorptive capacity of Fosidonia 
6bre in such cases is illustrated by the quantitative data obtained for the 
phlorogiucinol reaction (XIV., 2). 

Not only does the fibre combine with phenols and aromatic amines to 
give rise to coloured products, but it is also ca|mble of reacting with and 
absorbing colouring matters of widely divergent types ; many of the ordinary 
dyes, may, indeed, be applied directly to Fosidonia fibre. 

The peculiar dyeing properties of the fibre, which have often formed the 
subject of comment (58), are thus to be ascribed mainly to the high amount 
and reactivity of the lignoue components. In this connexion, it may be 
.remarked that the fibre<substance contains no appreciable amount of nitrogen, 
and that the dyeing properties are independent of the inorganic constituents 
of the crude fibre. 

The behaviour of Fosidonia fibre towards dyes has been investigated by 
Green and Frank (5), who summarise their results as follows ; — 

It exerts the greatest affinity for basio colouring mutters, with whioh it is dyed 
readily without a mordant, thus behaving similarly to jute. Certain acid dye stuffs, 
whioh possess also residual basic properties, such as Patent Blue, Alkali Blues, Wool 
Blues, Aeld Violets, Aoid Greens, &o., dye it fairly well, though much less readily than 
wool On the other hand, the greater number of the ordinary acid dye stuffs, moiuding 
those of the azo class, suoh as Orange G, Sorbine Rod, Azo Aoid Blue, do., have no affinity 
for the fibre. Moreover, the fibre exerts only a small attraction for the salt or ** sub* 
stantive cotton oolouring matters, and this applies also to the ** sulphide dye stuffs. 
Tills remarkable divergenoe in behaviour from that of a pure oeliuiose fibre, suoh as 
cotton, is doubtless due to the ligniflod oharaoter of the fibre and partly to the fact that 
the oeliuiose is present in the form of a hydrooellulose or oxyoellulose.” ’ 

In the investigations detailed below the fibre was prepared either by 
submitting it to a short preliminary boiling with 1 per cent, sodium hydroxide 
solution, or, pi-feferably, by steeping it for two or three days in 3 per cent, 
sodium peroxide solution at the ordinary temperture. The depth and 
uniformity of tlic colour and the lustre of the dyed fibre were thereby enhanced, 
while the latter treatment also served to bleach the fibre to a light-cream 
c-olour and to soften it (XVIII., 28). The dyed fibre may finally be 
brightened by soaking it in dilute acetic or tartaric acid solution and allowing 
it to dry in the air (XVIII., 44 and 45): Excellent effects were obtained in 
this way. 

For purposes of comparison, a specimen of wool Was dyed under the same 
conditions in each case. 

The dyeing experiments now described fall into two categories, in 
accordance with the foregoing disousmon : — 

1.—- Devnlopiiig Dyniiig. 

As a consequence of the ready fixation of aromatic amino-compounds 
upon the fibre^ Bleating results were obtained by submitting it to the 
process of ** deWoping dyeing.’* In cases of this kind the aromatic amine, 
still r^^dns its power of diazotisation, and also of coupling with diazo- 
Aolntions, after fixation upob the fibre ; the appended results may serve to 
illustrate; tic possibilitieB which arise in this maimer. 

(i) By steeping the fibre in a dilute solution of aniline sulphate and then 
transferring to a bath of diazotised^p-nittmiiline, it was dyed a deep reddish 
brown. ' , * 
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Wool was dyed a pale orange under similar conditions. 

(ii) When stained in a dilute solution of dimethylaniline hydrochloride 
and afterwards worked in a bath containing diazotised sulphanilic acid 
solution, the fibre assumed a very uniform rose>pihk colour. This result is 
of particular interest, seeing that it is practically equivalent to direct dyeing 
of the fibre with the soluble colour, methyl orange. The dyed fibre responds 
to acid and alkali in the same manner os methyl orange, and might accordingly 
be employed as an indicator. 

Wool, when treated similarly, was coloured reii to orange in patches, the 
dyeing being very uneven and incomplete. 

(iii) After staining in a dilute solution of p-nitraniline hydrochloride, 
the fibre was immersed in dilute hydrochloric acid and diazotised by admitting 
sodium nitrite solution in the cold. Upon transferring directly to an alkaline 
solution of ^-naphthol, a very satisfactory bright red shade was produced. 

Woof gave a very similar result. 

(iv) By reversing the above process, li.e., by steeping the fibre in alkaline 
jS-naphthol solution and coupling ^vith diazotised p-nitraniline, the fibre was 
dyed a very uniform dark-red. 

An appreciably lighter shade was obtained upon wool. 

(v) Another specimen of the fibre was soaked in p-nitraniline hydro- 
chloride solution, diazotised, and developed in an alkaline solution of phenol, 
whereby a deep, dull golden tint was produced. 

Wool gave a pale-orange colour, but the result was unsatisfactory. 

(vi) By using aniline instead of p-nitraniline, as in (v), the fibre was dyed 
light brown ; the result is interesting as an example of dyeing by the direct 
^se of aniline and phenol. 

Wool remained practhially undyed when treated in the same way. 

(Vii) The fibre was stained with aniline hydrochloride solution, diazotized, 
and transferred to an alkaline solution of jS-naphthol. A very satisfactory 
duU-bronze shade resulted. 

With wool the colour was light brown, and the result less successful. 

Thus, in all the above instances a satisfactory result was achieved with 
the fibre, which manifestly possesses a greater affinity than wool for the dyes 
concerned. 

2.— -Diract Applicatioa o£ Dyat* 

(i) A magenta b^th was prepared by adding small quantities of acetic 
add and alum to a solution of p-rosaniline hydrochloride, in about 250 parts 
of hot water. The wetted fibre, when entered at 40"^ and maintained in the 
boBing solution for fifteen minutes, exhausted a bath containing I per cent, 
of dye, calculated on the weight of the fibre. The level magenta shade pro- 
duct in this manner was deeper than the shade obtained upon wool under 
similar conditions. 

(H) A hot bath of Victoria Blue B, of similar strength, containing an 
addition of sodium bisulphate, was rapidly exhausted by the fibre. The 
etbet was very uneven, probably owing to the ^eat absorptive power of the 
. .fibre ; the shade varied from light blue to blue-green. 

Night Blue gave a very similar result. 

In both 0 M 68 , under similar conditions, a very oven and pure blue sbad^ 
wiis itfbdttoed upon wool. 
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(iii) In order to test the behaviour of the fibre towards acid dyes a bath 
of Acid Violet 6B was prepared, which contained 3 per cent, of dye, calculated 
on the weight of the fibre, with an addition of acetic acid and sodium 
bisulphate. By entering the wetted fibre at about iO® and gradually raising 
to the boil, the dye was readily and almost completely absorbed with the 
production of a very even, deep violet shade. 

The difference in the case of wool was slight, the shade being somewhat 
lighter. 

It is evident from these results that the fibre possesses a remarkable 
absorptive capacity for the dyes selected for experiment. The basic dyes, 
such as Victoria Blue and Night Blue, although absorbed with avidity, cannot 
in any way be regarded as suitable for use with the fibre. The observations 
of Green and Frank point fiiither to the unsuitability of the “ substantive 
cotton and “ 8ul])bide ” dyes. Pi*obably, dyes of the type of the Acid Violets 
yield the best results of all ; and in the case recorded above it is notable that 
the dye gives practically the same shade upon wool as upon Posidonia fibre 
(cf. XVll., 1). In the remainder of the cases investigated, the fibre was 
dyed appreciably darker than wool under similar conditions. It may be 
added that the fastness of the dyed specimens of the fibre to bright sunlight 
was not particularly satisfactory. 


D.-POSIDONIA FIBRE AS A TEXTILE MATERIAL. 

Xm-PREUMINARY CONSIDERATIONS* 

1. -“General. 

As far back as 1910 Posidonia Fibre had been tested in the manufacture 
of tweed cloths, and Messrs. Middlemost Bros, and Co., of Huddersfield 
(England), reported after trials that they exjnsidered it suitable for this 
purpose. Later, its value as a material for mixing with cross-bred wools in 
the manufacture of cloth, blankets, &c., was demonstrated at Gaunt’s 
Woollen Mills, in Victoria, and in England and France. 

In the Manchester Daily Desjntch of 20th May, 1911, it was stated that 
“ several woollen mills have used it and declared themselves satisfied, and 
even the most cautious of woollen manufacturers are beginning to interest 
themselves very keenly in the matter.” 

The Yorkshire E'l^ninq Post (Leeds) of the same date reported as 
follows: — Two firms— one at Pud.sey, and another at Low Wortley — had 
been experimenting with a curious marine fibre discovered in Spencer’s Gulf, 
South Australia. We now learn that other firms in Huddersfield, Batley, 
and Leeds have been experimenting, and the results arrived at proclaim that 
there are great |)otentialities in the new fibre.” . 

Just prior to the war, German manufacturers became intereat-ed in the 
material, and purchased practically the whole of the supply then available 
in London ; and in March, 1914, an order was received by the London agents 
of a Sydney firm for 7,0(X) to 8, OCX) tons per annum for Hamburg. 

It is thus evident that, the war not intervened, considerable 
progress would in all likelihood have been made in the use of Posidonia fibre 
for textile purposes. 



Wd have befctfe us samploa of uioth made Heckmondwike and Htidders- 
fiel4» ^ted to oontain a mixture of 60 per cent, of Posiclonia fibre and 60 per 
cent, of wool, which are quite presentable samples of tweed ; and suite of 
clothes made from similar material were worn by the members of the clerical 
staff of a London company, and were stated to have been quite satisfactory 
both in appearance and wear. 

JThe important question of the application of Posidonia fibre in the textile 
industries has thus received a good deal of attention (5d) ; and as the material 
is greatly different from other commercial fibres, its effective utilisation for. 
textile purposes would undoubtedly demand special methods of treatment. 
The main results of investigations and trials which have been made in thi.s 
cmmexion are summarised in the statements quoted below : — 

** When eardod, the material fundihed an exeesaive amount of ahorl fibre, and on 
prolonged treatment the greater part became broken up. The fibre was found to' be 
very difficult to bleach, but in the dyeing experiments it waa found to behave very 
eindtariy to lute. 

The fibre could bo spun, either alone or mixed with jute, into a coarse yam suitable 
for tbe manufacture of carpets and simitar fabrics. There would, however, be excessive 
waste in the processes of manufacture and the finished products would be of inferior 
strength.** (60) 

** As the fibre is somewhat weak and brittle, a large quantity breaks up into * shorts * 
and * noils,* so that the final yield of carded material is low, and the value of the fibre 
for textile purposes is greatly reduced. 

Marine fibre batches in well with lower quality wool, or with shoddy, for the manufac- 
ture ^ lower grade materials which would be cheaper than a woollen article. 

' Allowing fid. por pound as the landed price of marine fibre, and assuming an excep- 
tionally heavy oakling loss of 60 per cent., the price of tops madie from marine fibre would 
run out at about 8d. per pound. A top made from coarse wools would cost about Is. 6d. 
mr xmuttd; therefore a top made from a mixture of 60 per cent, wool and 60 per cent 
fibre would Cost la Id. per pound. .... 

It waa also proposed to use it as a substitute for iuta in the manuiaotuie of backings 
for oilcloths, linoleums, carpets, rugs, Ac. On account of its sliori staple, the fibre could 
not be worked on ordinary jute machinery. But it has been carded into an excellent 
yam for tlMs class of manuiaoture.** (01) 

On the wbole^ therefore, the fibre has hitherto shown promise as a raw 
matenaJ for certain coarse ainl rather weak fabrics ; while, in admixture 
with wool, it has been found suitable for the manufactiire of lower grade 
cloths. t 

2.r-^byti€al Proportwf and Stnictiura of dio Filament and of the 
Ultunata Fibre. 

Before entering into any investigation of methods designed to mollify tbe 
physical properties of the commercial ** fibre so as to render it move suitable 
fox textile purposes, it is of importance to ascertain, firstly, to what extent 
tbe properties ^ the Posidonia filament conform to those of a textile filament ; 
and, secondly, which, if any, of such properties appear capable of undergoing 
alteration. Ilie following important properties may be ^ected for this 
purpose, vlt. :~<i) tensile strength, (ii) ^astioity and flexibility, (iiiy cohesive- 
ness,. (iv) durability, (v) lustre, (vi) d^nsions and stmeture of the filament 
and of the ultimate fl!^. 

(i>TMfleSlr««da 

^ .An inspection of Table €1 demohsiratee the low position of the Poeidoiiia 
fitoeiyt as x^rds tensile strength per unit of crossHsectkmal area, Oi the 
oogDinbir UsuiiSkb fflameata, Posidonia » superior, only to wool in this respect ; 
, a^oi^h, of course, owiiig to the greater eoareeness of sti^ (Table C), the 
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strength of an individual filament may often exceeci that of a jute filament. 
The tensile strength of the Posidonia filament is also impaired by the frequent 
occurrence of flaws (cf. III., 1). 

(ii) Elastidty and Fledbility* 

The Posidonia filament, })robably as a result of its structural peculiarities, 
exhibits an exceptionally high extension when submitted to a steady longi- 
ti^dinal strain. 

The transverse elasticity (flexibility) is, however, very low (cf. III., 2) ; 
and the excessive loss of material in the carding operation (XVII., 1), as well 
as the difficulty ex))erienced in spinning it into yarn, should be ascTilasd to this 
factor rather than to the low tensile strength. 

The lack of flexibility is, indeed, one of the chief deficiencies <»f the cmde 
Posidonia filament, considere^d as a possible textile “ fibre.” 

(iu) OthetiveoMt. 

Although possessing a low degree of cohesiveness in comparison with 
such filaments as those of cotton and wool, it is evident from an examination 
of Plates VI. and VII. that the surface of the Posidonia filament is not 
absolutely smooth. In addition to the longitudinal ril)bGd structure, due 
to the arrangement of the longitudinal strands (II., 2), the filament exhibits 
a series of transverse annular ridges, corresponding to protuberances in the 
exterior ultimate fibres (L, 3). As this irregularity is apparently confined 
to the exterior surface, it is clear that drastic treatment of the filaments is to 
be avoided, in order not to remove the outer layer of ultimate fibres. 

At the best, however, the cohesiveness of the filament is small, and the 
preparation from it of yarn presents corresponding difficulties. ^ 

An idea of the contour of the filament may be gained from the illustrations 
of the sections of the fibre bundles, which do not show a circular outline. 
(Plates III., IV., and V.) 

(iv) DiirabiUty* 

It has been shown that Posidonia is almost unique among vegetable 
filaments in its resistance to chemical influences (cf. X., XII., and XIV., 7) ; 
in this respect it entirely surpasses the somewhat similar material jute, 
which deteriorates rapidly even when merely damp. It also resists bacterial 
influences (cf. XVIII^, 31). This pronounced resistive power of Posidonia 
fibre may eventually determine some special application for it. With regatd 
to its utilisation as a material for textile fabrics, it is thus evident that the 
physical characteristics of the filament would be the most unfavorable factor 
as far as the durability of such fabrics in the ordinary processes of wear and 
tear is concerned. 

(v) Lustre. 

Tbe crude washed fibre is practically devoid of lustre. 

(vi) Pimeneiom ^ Stmeture of flw FiUment and of the Ultimate Fihra* 

Posidonia filaments vary considerably in size, ranging from fine silky 
threads to somewhat coarse stifi bristles, which taper from a fairiy thick 
butt to a fine point. A reference to Tables B and E reveals not only great 
discrepancies in thickness as between filament and filament, but also equally 
striking vaiiations between diffierent portions of the same filament. The 
umform thickness of staple desirable in a textile filament is thus 
conspicuously lacking in Poridonia. 
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Table A illustrates the comparative shortness and irregularity of staple 
in the case of Posidonia, which is a serious disadvantage in a filament of such 
coarseness. 

The dimensions of the filament thus interpose a formidable obstacle to 
its use in the manufacture of any but low-grade fabrics. 

The investigation of the structure of the Posidonia filament (I. and II.) 
shows that it consists of a (iomplex aggregate of longitudinally oriented 
ultimate fibres, averaging possibly 1 mm. in length. Theae are, indeed, so 
minute that the average Posidemia filament probably contains over 1,000 
per centimetre of run. The physical properties of so complex a structure 
must evidently differ materially from those of the relatively simple filaments 
of cotton, flax, &c. ; and an attempt has been made above (III., 2) to corre- 
late various physical properties of tlic Posidonia filament with its structure. 

Further, it appears that the physical characteristics of the ultimate fibres 
arc of primary importance in determining the application of the material 
from which they are derived. The conspicuous differences which exist 
between such fibres are obvious from Table 1), which is of considerable 
importance in discussing the possible applications of Posidonia “ fibre.*' 
Thus, the ultimate fibre of cotton or flax may be over 60 times as long and 
three times as broad as the ultimate fibre of Posidonia. On the whole, 
however, the diameter of the ultimate fibre shows comparatively little varia- 
tion throughout the series illustrated ; whereas the length, although fairly 
constant for the same material, varies within wide limits as between different 
types of material. 

The length of the ultimate fibre, it seems, may be adopted as a criterion 
in determining the textile applications of the material concerned. Materials 
suitable for fine textiles, such as cotton, flax and hemp, are long-fibred ; 
those suitable only for coarse textiles and rope-making, such as phormium 
and jute, have fibres of intermediate length ; while the materials whose 
ultimate fibres fall below about 4 mm. in length have proved to be little 
adapted for use in the textile industries. If this criterion is accepted, the 
low position of Posidonia fibre in the above table would denote a correspond- 
ingly low value, per «e, for textile purjxjses. It is true that the ultimate 
fibre of Posidonia does not fall far below that of jute in length (Table D, and 
Plates XV. and XVI.), but the short staple of Posidonia compares very 
unfavorably with the long staple of jute ; and length of staple, although of 
less significance than length of ultimate fibre, is an important factor in 
determining the applications of fibrous materials. 

It may now be pointed out that the materials associated with Posidonia 
in Table D* i.c., those whose ultimate fibres fall between about 0*5 and 3 mm. 
in length, are typical products utilised in the paper-tlaaking industry. Here, 
08 indeed in all the cases summarised in Table D, other characteristics of the 
ultimate fibre, besides length and diameter, are of importance; among 
these may be mentioned thickness of wall and general conformation. The 
ultimate fibre of Posidonia, besides being decidedly smaller than that of jute, 
has a thinner wall, but is otherwise very similar to it (Plat«a XV, and XVl^}. 
The thickness of the fibre-waU and the contour of the cross-section are illus- 
trated in Plate IV. Other characteristics of the ultimate fibre of Posidonia 
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Are given Above {!., 3). All such deteile are pacttciilarly relevant in deciding 
wheflier the individuality of the fibre fits it lor any specifio purpose (df. 
XIIL, 6 and XX.). 

It is, then, evident that the structural characteristics of the idtimate 
fibre of Posidouia relegate it to a class of fibrqus materials used largely in 
the paper-making industry. Of particular interest, therefore, is the fact 
that a similar conclusion is reached as a result of the chemical examinatmn of > 
the ultimate fibre. This is clear from Table 0, which indicates that esparto, 
straw, and other typical fibres used in the preparation of the lower gra^ of 
paper belong, like Posidonia, to the chemical group of furfuroid-celluloses. 

fvH) SoBiiiuDry. 

Summing up the results of the above preliminary inquiry* it appears 
that Posidonia “ fibre,” when considered in the light of a possible textile 
materia], is lacking in most of the main characteristics selected for examina- 
tion. Only in resistance to chemical and bacterial infioences and in the 
amount of extension under strain does it show a superiority over any of the 
usual textile “fibres.” 

Of the characteristics under review, it is conceivable that by appropriate 
artificial treatment such physical properties as tensile strength, dasticity, 
flexibility, oohesiveness, and lustre might be improved within limits ; but it 
is quite obvious that nothing can be done to overcome the underlying and 
fundamental disadvantages, for textile purposes, of shortness, coarseness, 
and irregularity of staple ; complex structure of the filament ; and unsuitable 
dimensions and chemical character of the ultimate fibres. These considerable 
limitations should be borne in mind in estimating the possibilities of any 
process designed to increase the value of Posidonia “ fibre as a textile 
material. 

XVllL-~A1TEMin^ TO MODIFY VAiOOUS PHYSICAL 
CHAiUCTERtSTICS OF THE niAMENT BY ARIIFICIAL 
TREATMENT* 

In some of the many experiments carried out with the above aims in view, 
the filaments were treated with various reagents which are known to affect 
cellulose, or lignocellulose, or both. As a rule, the material showed little or 
no response to ceUulose reagents unless it had been submitted to a preliminary 
treatment involving the structural disintegration of the natural filament into 
.short ultimate fibres. On the other bend, with lIgnoceUulose reagents the 
original filaments reacted rapidly. , 

The material was also subjected io a number of more or lest empirical 
pcooeesea which have been described, in patent specifici^ns and elsewhere, 
for modifying the^^eopei^ of fllimenta in the desiredfdi];eotiotw. A srieo* 
lion ol typical prooessea is detailecl below, although the list is not exhauirive. 

^ ordtt to^aspertain the efficacy of any part^ular treatment, the best and 
inOst perfect filaments of those treated were subjected to tests identtoal with 
those ap^ied to the original filamnots (HI.). The brealdrig strains were 
rimilaily calculated in Idlograpia per hq. mm. of eross-cnotioa, while iAm 
ooneeponding extensions were expressed as peroentages of the ori^hial length, 
of filaioent between the clips ; so ^lat the recorded results are compamti^. 
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It would iiAve beeu more satis{octor)% perhaps, if a more numerous series 
of filaments had been tested in each case ; but the lack of uniformity in the 
diameters necessitated many tedious calculations in each group, and it was 
thought that the numbers taken would furnish sufficient data upon which to 
judge the effect of any individual treatment, and to suggest directions for 
further efforts. (Altogether, measurements for over 1,60() filaments arc 
recorded in this Bulletin.) 

It must also be emphasised that samples of oomincrcial Posidonia fibre 
vary considerably, both in length and robustness of filaments. Several 
reasons might be advanced in order to ai^count for this, but probably the 
most feasible is that the plants grow more vigorously in some localities than 
in others. To eliminate possible errors in tliis direction, the greater proportion 
of the tabulated tests were carried out on filaments from one cons^ment, 
so that the results might be as nearly comparable as practicable. 

Again, although great care was taken in au endeavour to select filanvMits 
of equal macroscopic value, yet it is recognised that such a material as the 
Poeidonia filament often contains flaws which might easily escape superficial 
observation (cf. also IIL, 1). 

For purposes of comparison, the following figures for 100 cleaned, untreated 
filaments are transcribed from Table E : — 


TonHlIe Stretigth. 

Upper limit 25*05 

Lower limit .. J2*17 

Mean value .. 20*15 


>*t'rc4>ntaat‘ Kxt«*o»lon. 

, . Upper limit . . 7 *33 

.. Lower limit .. 4*1 

.. Mean value .. 5, *29 


In each of the appended summaries of the results obtained with sets of 
filaments which had been exposed to various methods of treatment, the 
duration of such treatment is first given ; the number of filaments tejjtcd in 
the machine is indicated in the second column of data ; the third column 
records the limiting values at the thicker end for the diameters of the selected 
filaments (measured after treatment) ; the fourth column shows the mean 
breaking strain, expressed in kilograms per sq. mm. of cross-sectional area ; 
and the fifth column gives the mean percentage elongation under the breaking 
strain (cf. Tables E and F). The calculations were made as described in 
III., 1. 

1.— Water (hot). 

The filaments were boded for half-an-hour with distilled water, after 
Which they were washed and air-dried (62). Results— 

i hour . . 20 . . 0 *173 to 0 *073 mm. . . 18*85 . . 6 *69 

The treated material was cleaner and of better ap^^rance, but otherwise 
it showed little difference from an ordinary sample of the original fibre.*’ 

Selected filaments were also boiled in distilled water for five minutes, and 
^ tested while still moist. Beyond a slight improvement in elasticity, very 
alteration was evident. The mean breaking strain of the twemty fila- 
mentfi teifced wfui 18 '52, and the percentage extension 7*1. The diameters 
, from 0 *146 mm. to 0 *093 mm- 
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2.— 'Sodium Carbonate Solution (1 per ceilt*, hot)* 

The filanicnts were boiled for one hour in a I per cent, sodium carbonate 
solution ; they were then washed free from alkali and air-dried (62). 
Results — 

1 hour . 20 .. 0*16 to 0*086 mm. .. 17*34 .. 5*67 

The filaments were brighter, softer, and a little darker ; they were also 
not quite so brittle as originally, although the improvement was not very 
marked. 


3.— Sodium Hydroxide Solution (1 per cent.* hot). 

In all eases of treatment with caustic soda solutions, the filaments were 
afterwards washed successively with warm water, dilute acetic acid, and a 
further quantity of warm water, and were finally air-dried. 

The results obtained by boiling the filaments in a 1 per cent, solution of 
this reagent for various periods are summarised below : — 

5 mins. .. 20 0*153 to 0*053 mm. .. 17*95 .. 4*75 

15 mins. . . 30 . . 0*193 to 0*073 mm. . . 16 *81 . . 4 *97 

1 hour . . 30 . . 0*146 to 0*073 mm. . . 15 *45 . . 7 *03 

2 hours . . 30 . . 0*166 to 0*086 mm. . . 17 *20 . . 7 *48 

3 houi*s .. 30 .. 0*153 to 0*066 mm. .. 16*16 .. 7*44 

These figures 8Ugge.Ht that the treatment tends to influence the elasticity 
favorably. The harshness of the filaments was reduced, and the feel thus 
improved. In all cases of treatment with alkali, the filaments acquired a 
slight lustre and also a pronounced yellow colour. In contact with hot 
alkaline solutions the colour was deepened to a brownish tint. 

In order to illustrate the discrepancies which may occur between different 
samples of commercial Posidonia Fibre, the following comparative results 
may be quoted for filaments selected from another consignment of the material 
forwarded to us from the same locality. The reagent was 1 per cent, caustic 
soda solution, applied in the manner just described : — 

6 mins .. 20 .. 0*173 to 0*08 mm. .. 21*8 5*62 

3 hours . . 20 . . 0*16 to 0 *066 mm. . . 19 *65 . . 4 *75 

When compared with the corresponding values in the preceding summary, 
theae data indicate that the second .sample was of superior quality to the 
first. It is also to be noted that no beneficial influence of the reagent upon 
the elasticity of the filaments is apparent in this instance. 


4.— Sodium Hydroxide Sohition (5 per cmt*t cold). 

When immersed in a 5 per cent, caustic soda solution, particularly when 
the treatment was extended to twenty hours, the filament became more 
supple, and softer to the feel. ^ 

I hour .. 20 0*16 to0*066 mm. .. 16*91 6*63 

6 hours .. 20 0*126 to 0*08 mm. .. 16*95 6*17 

20 hours .. 20... 0*133 to 0*08 mm. .. 17*2 .. 5*24 
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S-r-Sodiuin Hydroxide Solution (10 per cent.* cold). 

The results obtained with a cold 10 per cent, solution of caustic soda were 
very similar to those recorded above for a 5 per cent, solution. 

J hour .. 20 .. 0*12 to 0*04 min. .. 16-09 .. 5*34 

1 hour . , 20 . . 0 *166 to 0 *073 mm. . . 21-37 . . 3-7 

6 hours . . 20 . . 0 -153 to 0 *073 mm. . . 18-37 . . 4 -25 

20 hours . . 20 . . 0-126 to 0*066 mm. . . 15-95 . . 6 -22 

6.--~Sodium Hydroxide Solution (15 per cent., cold). 

With 15 i)er cent, caustic soda the lustre and feel of the filaments were 
further improved, and in one series of measurements an exceptionally high 
percentage elongation was obtained, pointing again to an influence of the 
reagent upon the elasticity (cf. 3). 


10 mins. 

. 20 . 

. 0*133 to 0*06 mm. 

. 15*12 .. 

6*54 

30 mins. 

. 20 . 

. 0*146 to 0*08 mm. 

, . 16*53 .. 

6*94 

1 hour 

. 20 . 

0*146 to 0*08 mm. 

. . 19*60 .. 

5*43 

5 hours . 

. 20 . 

0*146 to 0*08 mm. 

. . 15 *.53 .. 

8*26 

7. -‘-Sodium Hydroxide Solution (20 per 

1 

1 


10 mins. 

. 12 . 

. 0*133 to 0*08 mm. 

.. 20*00 .. 

6*59 

30 mins. 

. 12 . 

. 0*133 to 0*06 mm. 

. 16*61 .. 

5*37 

1 hour 

. 12 , 

, 0*186 to 0*086 mm. 

. 21 *20 . . 

7*29 

5 hours 

. 12 . 

0*146 to 0*086 mm. 

.. 17*87 .. 

6*15 

8 . — Sodium Hydroxide Solution (25 per cent, cold). 


10 mins. 

. 12 . 

. 0*173 to 0*086 mm. , 

. . 23 *32 . . 

4*24 

30 mins. 

. 12 . 

. 0*126 to 0*068 mm. 

. 22*63 .. 

5*57 

1 hour 

. 12 . 

. 0*12 to 0*073 mm. . 

, . 15*94 .. 

6*25 

B hours 

. 12 . 

0*113 to O’OHG mm. 

. . 12*57 .. 

4*48 

9.— Sodium Hydroxide Solution (33 per cent, cold). 


1 hour 

. 12 . 

. 0*113 to 0*06 mm. 

, . 15*96 .. 

3*93 


Making due allowance for the considerable variations in the recorded 
values which ‘must be ascribed to adventitious circumstances, it may be 
concluded that both tensile strength and elongation suffer when the filament 
b submitted to prolonged immersion in strong solutions of sodium hydroxide 
in the cold, although in some cases the weaker solutions appear to exercbe 
a favorable influence upon the elongation. The lustre of the material b 
improved, but on the whole no particular benefit seems to be derived from the 
treatment. A similar conclusion may be drawn from the following data for 
the treatment of the material with hot sodium hydroxide solutions ; in each 
case the heating was accomplbhed on the water-bath at constant , volume 

10. — Sodium Hydroxide Solution (IS per cent., hot). 

Ihour .. 20 .. 0-146 to 0*073 mm. .. 20*02 .. 6*71 

5 hours .* 20 .. 0*126 to 0*066 mm. «. 16*9 6*03 

11. — Sodium Hydroxide Solution (25 per cent, hot). 

Ihour .. 20 .. 0*173 to 0*066 mm. .. 14*66 .. 6*61 

5 hours 20 .. 0*14 to 0*073 mm, .. 16*71 .. 6*92 
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12.— SdiwuMT^t RMfim (cold). 

When soaked in freshly prepared Schweizer^s reagent for periods ranging 
up to twenty hours, the filaments swelled slightly, but were not dis^ved to 
any appreciable extent. The treatment, however, serves to accentuate the 
external structural features (cf. II., 2), and thus in all likelihood increases 
the cohesiveness of the filaments (XVIT., 2, iii). 

After washing with dilute acid, followed by water> the treated poaterial 
exhibited a faint green tint, and possessed a somewhat improved lustre and 
8oft€fr feel. The flexibility was also noticeably greater, as in some cases it 
was possible to tie numerous knots in the filament without breaking it; 
this cannot J5e done with the crude filament. No advantage in this last 
respect appeared to be gained by continuing the treatment beyond two 
minutes. 


1 min. 

.. 12 

0*16 to 0*1 mm. 

.. 22-06’ .. 

7*47 

2 mins. 

.. 12 

0*146 to 0*093 mm. 

.. 20-73 .. 

6*49 

5 mins. 

.. 12 

0*126 to 0*086 mm. 

.. 15-68 .. 

4*93 

30 min.s. 

.. 12 

.. 0*133 to 0 *06 mm. 

.. 16-99 .. 

4*97 

1 hour 

.. 12 

.. 0*173 to 0*08 mm. 

.. 17-81 .. 

4*71 

5 hours 

.. 12 

.. 0*146 to 0*073 mm. 

.. 20-06 .. 

5*25 


A portion of another ('onsignment of crude ** fibre was treated with 
Schweizer’s reagent for corresponding times, the same number of filaments 
being also tested in each case. The mean tensile strengths were generally 
a little lower with these specimens ; otherwise, in appearance, degree of flexi- 
bility, and general characteristics, the treated filaments corresponded with the 
first series examined. 

13.— Zinc Ckloridc Solution (hot). 

When digested with a strong aqueous solution of zinc chloride, between 
80® and 100°, the main characteristics of the filament remained substantially 
unaltered. 

14.— Sodium Hydroxide Solution (27*5 j^r cent.^ cold)» followed by 
Carbon Duul^bide Vapour. 

The partially gclati 9 i 8 ed filaments obtained by the suooes^ve action of 
27*5 per cent, sodium hydroxide solution and carbon disulphide vapour 
(d. XIV., 7) were aired thoroughly, passed through a bath of 5 per cent, 
acetic acid, washed with water, and air-dried. 

Neither lustre nor feel was improved by thir treatment ; and both the 
gelatinised filaments and the final dried ones were rendered noticeably 
weaker. The treated filaments possessed a drab to yellowish-brown colour ; 
they hod been reduced in diameter, and, under the microscope, broken external 
ultimate fibre-strands were visible. 

The diahieters of 22 tested filaments ranged from 0*146 to 0*066 mm. ; 
the mean breaking strain was 12*94, and the percentage elong)»ticii 5 *5. 

In another aeries of testt, the filaments were carried throu^ the above 
operations^ and then steeped for some time in a 40 per cent, formalin bath. 
After a final washing with dilute ^etic acid and water, twelve of the air-dried 
filaments, ranging in diameter from 0 *146 to 0 *066 mm., gave » mean breaking 
strain of 9 *89, and an elongation of 7 *7 per cent. These valuea sugg^ a 
stin more pronounced fraying of the filaments. 
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In a third test, aftor the exposure to the action of carbon disulpldde 
vapour, the filaments were aired, steeped in 40 per cent, formalin, and air- 
dried, The moan values obtained for a series of twelve filaments, exhibiting 
the same variation in diameter as before, were intermediate in position 
between the two series recorded above, viz., 11 '27 and 7 '3. 

The treatment is therefore devoid of value. 

15. — Carbon Disulphide. 

Selected filaments after immersion in carbon disulphide at the ordinary 
temperature for 24 hours showe<l an increase in tensile strength and elasticity, 
but a more prolong(^d treatment failed to confirm the first result. 

24 hours . . 12 . . 0 -173 to 0 -08 mm. . . 23-41 . . 8 -92 

48 hours . . 12 . . 0 • 193 to 0 •(193 mm. . . 19 *07 . . 5 *29 

The original values obtained are borne out by the following measurements 
made upon selected filaments wdiich had been boiled for two hours with 1 per 
cent, sodium hydroxide before being immersed for 21 hours in the carbon 
disulphide. The fihiments were boiled for five minutes with water and air- 
dried before being tested. 

24 hours . , 12 . . 0 -146 to 0 '086 nun. . . 21*21 . . 7 *53 

16.— Nitric Acid (fuming, cold). 

Fuming nitric acid (sp. gr. 1 *5) imparted a dull orange-brown colour to 
the material. The diameter and tensile strength of the filament were 
reduced ; the elasti<;ity was increased considerably, as evidenced by the 
readings for the breaking elongation. 

2 mins. .. 12 .. 0'12 toO'OSmm. .. 9-49 .. 11 -S;! 

5 mins. .. 12 .. 0*16 to 0*08 mm. .. 7 '44 .. 14 '66 

10 mins. . . 12 . . 0 '133 to 0 *053 mu). . . 5 *94 . . 12 *64 

20 mins. .. 12 .. 0*14 to 0*1 mm. .. 7*95 .. 13*74 

17.— Nitric Acid (concentrated, cold). 

Concentrated nitric acid (sp. gr. 1 *42) affected the filaments in a similar 
manner, but the results were not quite so pronounced as with the fuming 
acid. After five hours’ treatment most of the filaments had undergone 
disintegration. 


5 mins. 

12 . 

. 0*12 to 0*073 mm. 

9*32 

. 6*59 

10 mins.- 

.. 12 . 

. 0*12 to 0*066 mm. 

8*20 

. 8*25 

30 mins. 

.. 12 . 

0*133 to 0*066 mm. .. 

11*15 

. 11*45 

1 hour 

.. 12 . 

. 0*106 to 0*066 mm. 

10*26 

.. 10*26 

5 hours 

.. 12 . 

0*106 to 0*053 mm. . . 

5*37 

.. 6*56 


18.— Nitric Acid (SO per cent.# cold). 

With 50 per cent, nitric acid the weakening of the filaments was still loss 
marked, as was also the amount of the breaking elongation. The filaments 
were appreciably softened by this reagent, and the brittlene^ss appeared to 
have diminished considerably ; experiments were therefore continued with 
more dilute solutions of nitric acid. Prolonged immersion of the filaments 
in 50 per cent, nitric acid resulted in partial structural disintegration. 

Jhour .. 12 .. 0*12 to 0*073 mm. .. 14*76 .. 6*6 

1 hour .. 12 .. 0*10 to 0*06 mm. .. 11*22 .. 5*2 . 

5 hours .. 6 0*16 to 0*086 mm. .. 11*23 .. 5*2. 

0.6165.— 7 * 



42 


IS.—Nitric Acid (2 per cent^ cold). 

Afttir iminersiou for 21 hours iu cold 2 per cent, nitric acid, the ixuderial 
e^ebibited a light yellowishdirown colour ; it was also softer to the touch, 
and a little more lustrous. Both the elasticity and the flexibility had in- 
creased greatly, while the tensile strength, instead of sufEering, had also 
improved somewhat as a result of the treatment. The brittleness had been 
overcome to such an extent that it was possible to twist the filaments forcibly, 
and to knot them repeatedly, without breaking them. The appended 
.summary cf resnlt.s will to illustrate the marked nature of the 

change - 

21 hours .. JO 0*10 to 0*104 mill. .. 24*81 .. J0*61> 

20.— 'Nitric Acid (1 per cent.» cold). 

Nitric acid of 1 per cent, strength, when applied in a similar manner 
to hlaments which had been kept in boiling water for a few minutes, effecteil 
an almost identical alteration in their properties, with the favorable excep- 
tion that the staining was in this case very slight. Thera is little advantage 
to bo gained by using the stronger (2 per cent.) acid. 

20 hours .. 20 .. 0*143 to 0*091 mm. .. 22*09 .. 10*61 

A graphic representation of the striking improvement in the extension 
given by filaments which have been submitted to this treatment is reproduced 
in Plate XVIII. Of the filaments selected for this purpose, ten wore used 
for control measurements, and ten others were chosen from the remainder 
after immersion in 1 per cent, nitric acid, in the cold, for twenty hours. The . 
results of the tests made on the crude filaments are represented by continuous 
lines, while the broken lines represent the ten chemically treat^ filaments. 
Not only do the latter filaments commence to stretch under a much smaller 
strain than the former, but the enhanced extension is sustained throughout 
the test until the breaking strain is reached. 

A comparison of the extensions corresponding in each case to the iuter- 
mediate strain of 75 grams is instructive. The mean value for the crude 
filaments is 0 *6 per cent. ; for the treated filaments it is no less than 4 *5 per 
cent., i.e., the extension of the filament under a definite strain has b^n 
increased by chemical treatment to seven and a half times its initial value. 
This result may be accepted as a numerical expression of the increase of 
elasticity exhibited by the filaments after the treatment described ; and there 
is an accompanying and apparently commensurate improvement in the 
flexibility. The method is therefore of exceptional interest. 

21^HydrodUarie Acid (1*5 per ccnl.^ cold). 

The pronoimced success achieved with dilute nitric acid suggested the 
application of other dilute mineral acids^. Dilute hydrochloric acid of the 
above strength scarcely ejtained the material, although it improved the lustre 
slightly, and also exercised a. distinctly favorable effect on the elasticity and 
flexibility. The results, however, were inferior to those obtained with nitric 
acid — 

24 hours IQ 0*146 to 0*104 mm. .. 20*64 8*86 

As in the preceding case, the filaments were boil^ for a few minutes with 
water before beix^ immersed in the oold a^. The same preliminary treat- 
ment was also adopted in all the sixocee^ng instances of treatment with 
sulphuric acid. 
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22.^--5al|»hiiric Acid (1*5 per centt coM). 

When the fibre ” was left in contact for two hours, in the cold, with 
V 1 *5 per cent, sulphuric acid, both the lustre and the feel were improved ; 
there was also a very marked increase in elasticity anfl flexibility. The 
colour of the material was not altered appreciably. 

2 hours .. 12 .. 0120 to 0*093 mm. .. 23*09 9*17 

Prolonged treatment with acid of the same strength for 24 hours gave 
somewhat inferior results : - 

24 hours .. 12 0*133 to 0*093 mm. .. 22*17 .. G*77 


23.~^5tilphiiric Acid (1 per cent* cold). 

Treatment with cold 1 per cent, sulphuric acid for one hour gave excellent 
results ; at the same time this method is x)robably the most economical of 
those investigated. 

1 hour .. 12 .. O' 143 to 0*093 mm. .. 24*80 .. 8*40 


24.— Sulphuric Acid (75 per cent, cold). 

Samples of the material were immersed for short |>eriods in concentrated 
sulphuric acid which had been diluted with half its volume of water (c. 75 per 
cent.). The samples were tlien transferred rapidly to a large voltune of water, 
washed well with further quantities of water and dilute ammonia, and air* 
dricjcl. 


♦ When treated for half-a-minute with acid of this strength, the colour 
darkened somewhat, and the harsh feel of the filament remained. Consider- 
able weakening occurred, and the elongation increased in amount. Treatment 
for one minute produced approximately the same effects, although ‘the 
elongation was not so groat. By prolonging the action for two minutes, the 
filament became dark brown in colour and very harsh to the touch ; the 
diameter was also reduced, a microscopic examination showing that some of 
the outer layers had been removed. When subjected to five minutes’ treat- 
ment, the filaments were largely destroyed. It is thus obvious that the 
material is adversely affected by sulphtiric acid of this strength. 


^ min. 

12 

1 min. 

.. 12 

2 mins. 

.. 12 

5 mins. 

12 


. 0*113 to 0*066 mm, 
0*113 to 0*086 mm. 
. 0*146 to 0*073 mm. 
0*146 to 0*08 mm. 


. 10*95 .. 7*3 

. 13*79 .. 4*2 

. 10*06 .. 4*2 
. 9*96 .. 3*3 


Undiluted sulphuric acid (sp. gr. 1 *84) rapidly charred and disintegrated 
the filament. 


• 2Sv— Aoedc Acid (20 pur cold). 

It was next of interest to ascertain whether a weak bi^aiiio aeid would 
act at all similarly to dilute mineral acids. Accordingly two portions of a 
sample of the fibre/* which had been boiled in water for a lew minutes, 
were steeped in cold 20 per cent, acetic acid for periods of ten minutes and 
. 24 hours, respectively. ' In each case, after waidiing and air-dryiiig, the samples 
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exhibited an improved feel and lustre* In addition, the following figures 
indicate that in the second case both the breaking strain and the elongation 
had increased to a marked extent : — 

10 mins. ..12 .. 0-146 to 0*093 mm. .. 18*1 .. 7*02 

24 hours ..10 .. 0*156 to 0*104 mm. .. 24*17 8*64 

26.— Acetic Add (20 per cent., hot). 

After a short preliminary boiling in water, the material was immersed in 
cold 20 per cent, acetic acid, which was then brought to the boil. In general 
appearance the resulting “ fibre differed in no way from that which had 
been treated in the cold. From the following measurements it appears that 
the hot acid had exerted a somewhat detrimental effect on the tensile 
strength ; this, however, was by no means so marked as in the case of hot 
dilute mineral acids : — 

.. 10 .. 0*13 to 0*104 mm. .. 21*69 .. 8*01 

27. — ^Hydrogen Peroxide Solution (3 per cent.). 

The filaments were bleached and rendered softer and more lustrous by 
immersion for two days in 3 per cent, hydrogen peroxide solution ; they 
possessed considerable elasticity and flexibility after the treatment, and had 
much of the appearance of hair. They could be repeatedly tied into knots 
without breaking ; their tensile strength was above the average ; and, in 
general, the treatment showed great promise in modifying the properties of 
the material in the desired directions. 

48 hours . . - 12 . . 0 *16 to 0 *06 mm. . . 24*27 . . 6 *57 

28. — Sodium Peroxide Solution (3 per cent.). 

When steeped in a 3 per (;ent. aqueous solution of sodium peroxide for 
three days, the material wtvs bleached to a light-cream colour. It became 
softer and more lustrous, but otherwise was impaired rather than benefited 
by the treatment. 

72 hours 20 .. 0*1.33 to 0*08 mm. .. 14*68 .. 4*64 

29.— Ozonised Air. 

In view of the favorable influence of hydrogen peroxide solution upon the 

fibre ” (XVllT., 27), another sample was submitted to the action of the 
very similar agent— -ozone. After immersion in boiling water for three 

inutes, the original sample was drained and divided into two similar 
portions. One of tlicse was reserved for control measurements ; the other 
was kept, while still moist, for a period of one hour in a stream of ozonised 
air, passed at the rate of 1 litre per minute, and containing approximately 
0 '004 gram of ozone per litre. 

After exposure, the material was lighter in colour, but otherwise little 
alteration had occurred. No improvement was manifest in elasticity oi 
flexibility, although possibly the tensile strength had improved sHghtly. 
The measurements are summarised below ; — 

Original 


filaments . . 
'j 'rested 

10 .. 

0*14 to 0*117 mm. , 

17*79 .. 

6*5 

tiUments. . 

10 .. 

0*13 to 0*104 mtn. 

.. 20*06 .. 

6*09 . 



It. was also considered of interest to investigate Ihe aetioii of the .same 
reagent upon filaments which had already been improved, by immersion for 
one hour in 1 per cent, .sulphuric acid (XVITI., 23). The measurements 
obtained for sets of filaments which had been submitted to the single and 
double treatments respectively are apyicndcd : 

Single 

treatment 12 .. 0* 143 to 0*093 mm. .. 24 *80 .. 8*46 

Double 

treatment 12 .. 0* 133 to 0*H)6 mm. .. 22*80 .. 8*84 

It is thus evident that the ozone treatment had no effect. 

30. — Collodion (German Patent 129,420). 

Selected filaments were finst soaked in alcohol and then passed through a 
collodion solution (Gorman Patent 129,420). The consequent increase in 
tensile strength and elongation are very apparent wlien the measurements 
made on the treated filaments are compared with the corresponding data 
obtained for a conti'ol set of untrea.te<l filaments taken from the same bunch 
of crude material - 
Treated 

filaments.. 12 .. f)*I53 to 0*10 luni. .. 25*15 .. 8-10 

Untreated 

filaments., 12 .. 0*1 16 to 0*086 mm. .. 19*60 .. 6*17 

31. — French Patent 434,966 (63). 

A sample of the material was exposed to the action of yeast in a fermeuta* 
tion bath eoutaining sugar and glyc<‘i'ol, but no marked effect wavS observed 
even after prolonged treatment. The result is of interest in connexion with 
the reputed rot-resisting properties of Posidonia fibre (64). The lustre 
was enhanced as a result of the treatment^ but the material hatl darkened in 
colour. The finer filaments were rendered somewhat more flexible, but the 
coarser ones retained much of their original brittleness. The <liameter8 of 
the twenty filaments tested lay between 0*133 and 0*066 mm. ; the mean 
breaking strain was 16*63, ami the coiTespi)ndjng mean elongation was 
7 *19 per cent. 

By steeping a number of the ** fermented ” filaments for three days in a 
3 per cent, solution of sodium peroxide, a soft, lustrous golden-yellow product 
was obtained, which gave measurements very similar to those just quoted. 
The diameler.H of the twenty filaments tested lay between 0*133 min. and 
0*063 mm.; the mean breaking strain was 15*75, and the corresponding 
mean elongation was 6 *98 per cent. 

32.-~-German Patent 197,965. 

A sample of the ** fibre ” was soaked overnight in a formalin-lactic acid 
bath, after which the material was drained, maintained for five hours at 
40® to 60® under rcflueed j)r<'s.sure, washed with water, and air-dried. The 
treated filaments retained their harsh feel, and although the flexibility "bad 
been increased the tensile strength was lessened by the treatment. 

The twelve filaments tested varied in diameter from 0*14 to 0*06 mm. ; 
the mean breaking strain was 14*49, and the corresponding percentage 
elongation averaged 7 *07. 

A formalin-alum bath was also applied with very similar rc.sulfs. 
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33.-<Uye#r«>l {mt 160^). 

Selected filaments after being heated in a glycerol bath at 150® for 
30 minutes gave mean values veiy near to those of the original material, 
via., 20*73 and 6*2. 

Other filaments, after this treatment, were washed with water, air-dried, 
and immersed in 40 per cent, formalin for 24 hours. The values obtained 
were 16*11 and 5*45, showing that the filaments hod deteriorated as a result 
of the ronduned treatment. 

31-LiiiMed Oil (hot). 

8electe<l filaments were Heated in linseed oil on the water-bath for one 
hour, the surplus oil being then removed by means of filter paper. No 
advantage was observed as a result, the values obtained being 15*65 and 5 *84. 

When the filaments were heated in linseed oil to a temperature of 130® for 
30 minutes they became so brittle that they broke readily when pressed between 
paper. This action is probably due to the acids in the oil, because when the 
filaments were heated under similar conditions in a neutral petroleum bath 
very little alteration was observed in their properties. 


35.— Ammonia (eoncantratedy cold)* 

The mean breaking strain of a number of filaments which had been kept 
in concentrated ammonia (sp. gr. 0*880) for 48 hours was 16 *14^ and the 
corresponding percentage elongation was 5*02. 


33*— Ammonium Sulphida Solution* 

Selected filaments were scarcely affected after remaining in ammonium 
sulphide solution for fifteen hours ; after 24 hours the mean breaking strain 
was 21*11 and the elongation 6*23; and after 90 hours the values were 
21 *93 and 7 *34. The reagent thus appears to improve the elasticity of the 
filaments. 


37*-~Su4»liurotta Acid Sohitioii* 

Sulphurous acid solution appears to affect the tensile strengrii of the 
filaments unfavorably; after ^ hours’ immersion tie mean values given 
by selected filaments were 14*52 and 5*12. 

NoT£;.- -in dlt the subsequent processes described^ the filaments were sub- 
mitted to a preHminary hotting for 30 minutes with 1 per cent, sodium 
hydroxide solution ^ far the purpose of rendering themt if possdde] 
more susceptible to the, action of the reagents einployed. 

The standard^ values for filaments treated in this preliminary 
manner Were eMahiished as fcdlows : — , ^ 

Mean breaking strain »» 16 *95 kilograms per 

sq. mm. ‘ 

Mean percentage elongation 5*86 per cent, 
under the breaking strain 
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38.<— Phenyl Hydrazine. 

The effect of cauHiug the lignone components of the jiiepared material to 
react with phenyl hydrazine was investigated, the reaction being carried 
out m presence of dilute acetic acid at the ordinary temperature. The 
washed and air-dried product possessed a deep-orange colour and a silky 
lustre. The mean values obtained for twelve filaments (diameters O’lfifi to 
0*086 mm.) were 22*6 and 7*01. 

39.*—Ph6nol. 

The principle illustrated in the preceding method was tested furtiier by 
treating a specimen of the material with a slightly alkaline solution of phenol 
at 100“ ; the result was to darken the material somewhat and to render it 
softer and more lustrous. The mean values recorded for twelve filaments 
(diameters 0*12 to 0*073 mm.) were 19*94 and 5*82. 

40. -U.S. Patent 145^,462. 

The filaments to be treated were kept for one hour at 100“ in an aqueous 
solution of sodium carbonate (5 per cent.) and glycerol (10 per cent.). Slight 
darkening occurred, and the lustre and feel were good, but the essential 
characters were not improved. The mean values given by twelve filamenf^s 
(diameters 0*133 to 0*073 mm.) wore 14*66 and 6*12. 

41. — Formalin (40 per cent.). 

Filaments which had been soaked in formalin for 24 hours exhibited an 
improved lustre and a slightly deeper colour. An increase both of tensile 
strength and elasticity was observed ; and the treated filaments were so 
flexible as to allow of knots being tied in them. On the whole, the results 
were encouraging with this reagent. 

24 hours . . 12 . . 0 *153 to 0 *08 mm. . . 19 *22 . . 9 *63 

42.~-SGhweuer*c Reagent and Formalin. 

Another sample of the material was submitted to the action of Schweizer’s 
reagent for a short time (XVIII., 12), before being treated with formalin as 
above. The results showed that there was no advantage to be gained by 
introducing the Schweizer treatment. The mean values obtained for twelve 
filaments (diameters 0 *126 to 0*073 mm.) were 15 *31 an'l 7 *84. 

43«— Emulsion of Oil in Soap Solution. 

The filaments were only very slightly softened when loft for two days in 
an emulsion of oil in soap solution. 

44.--Acetic Acid (10 par cent.» cold). 

When samples of the material were steeped for 30 minutes in 10 per cent, 
acetic acid, and then removed and allowed to dry in the air without washing, 
they exhibited a bright silky lustre ; the colour remained practic^Uy 
unchanged. 

4B.--Tartaric Add (S per c^t., pold). 

By using a 5 per cent, solution of tartaric acid in place of 10 j^er cent. 
aoeUo arid, a deep-cream coloured product with a bright silky lustre was 
obtained. The effect was enhanced by submitting the samples to a pre- 
liminary bleaching process (cf. XYUI., 27 and. 28). 
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46«— Special Measurements made upon Knotted Filaments after 
Chemical Treatment* 

Tn considering i)Ossible methods of obtaining more exact data illustrating 
the improvement in tho flexibility of filaments, after treatment in some of 
tlic ways just described, it occurred to us to measure the elongation and 
breaking strain after tying one or more knots in the filament under test. 
Tn this manner, the flexibility is made to exert a direct bearing upon the 
numerical values obtained. 

It has already been stated that in several cases the cliemically treated 
filament could be tied into knots repeatedly, with great ease ; whereas, it is 
rarely, even with tin* exercise of the utmost rare, that a knot can bo tied in 
tliP crude filament so as to withstand the slightest pull. Simple trials of 
this kind arc sufficient to show the great improvement which can be effected 
in the flexibility of the filament by suitable chemical treatment ; but the 
numerical values given below for various sets of knotted filaments afford a 
more exact illustration of the point in question. 

Tn the subjoined table.a the first column gives the number of knots tied 
in the filament ; the second, the diameter at the thicker end ; the third, 
the actual weight in grams required, to break the filament ; the fourth, the 
percentage elongation at the time of fracture ; and the fifth, the position 
of the bfeak. The distance l>etween the cU])8 was T cm., as with the other 
tests. 

(i) Crude Filmnenh. 

It was only possible in a limited number of instances to tie a complete 
knot in the crude commercial filament ; and when this had been successfully 
accomplished the .slightest pull was invariably sufficient to break the filament 
at the knot. No measurements can therefore be quote^l in this case. 

(ii) Filaments after Treatment with 2 per cent. Nitric. Acid for 24 Hours 
(XVTII., 19). 


2 

.. 0*117 mill. 

. . TOO 

5*0 

. . Broke at knot 

2 

.. 0*146 mm. 

.. 107*5 .. 

8*5 

* • j» }} 

2 

.. 0*117 mm. 

. . 64 

12*5 

. . Broke elsewhere 

2 

.. 0*133 mm. 

. . 80 

8*0 

. . Broke at knot 

1 

. . 0*117 mm. 

. . 70 

5*0 

• » n tf 

1 

. . 0*104 mm. 

. . 70 

5*5 

• • )i )• 


Mean . . 7*42 


(iii) Filatnents after Treatment with 1 per cent Nitric Add for 20 Hours 

(XVIIT., 20). 


2 .. 

0*104 mm. 

. . 60 

5*5 

Broke at knot 

2 .. 

0*117 mm. 

. . 58 

7*6 .. 

Broke elsewhere 

2 .. 

0*117 mm. 

. . 70 

5*0 .. 

Broke at knot 

2 .. 

0*117 mm. 

.. 62*5 .. 

6*0 .. 

f> »» 

1 .. 

0*104 mm. 

. . 66 

7*0 .. 

»» tt ' 

1 .. 

0*093 mni. 

. . 58 

4*6 .. 



Moan 


5*92 



49 


(iv) FiUitnent^ after Treatine^d with 1 *5 per cent. Hydrochloric Acid, for 
24 Hours {XVIII., 21). 


2 

. . 0*104 mm. . . 

95 

4*5 

Broke at knot 

2 

.. 0*104 mm. .. 

90 

4*6 .. 


2 

0*117 mm, .. 

92 

5*0 .. 


2 

. . 0*104 mm. . . 

37 *5 . . 

6*0 .. 


1 

0*133 mm. . . 

90 

5*5 .. 


J 

.. 0*130 mm, .. 

96 

9*5 .. 

Broke elsewhere 



Moan 

5*83 



Filaments 

after Treatment 

with 1 *6 per cent. Sulph 
(XVIII., 22). 

uric Acid for 2 Hours 

2 . . 

0*082 mm. .. 

55 

4 *5 . . 

Broke at knot 

2 .. 

0*104 mm. 

70 

5 *5 . . 


2 .. 

0*082 mm. 

52 *5 . 

5*0 . . 


J . . 

0*140 mm. 

117*5 . 

7*0 .. 


1 .. 

0*104 mm. .. 

70 

i *8 . . 


1 .. 

0*140 mm. . . 

75 

. 7*5 . . 



Mean . . 5 *72 


(vi) Filawevts after Treatment with 1 *6 -per cent. Sulphuric Acid for 20 Hours 

(XVIJl., 22). 


2 

0*140 mm. . . 

67 *6 . . 

5*0 . . Broke at knot 

2 

. . 0 *093 mm. 

57 *5 . . 

3*5 

2 

. . 0*117 mm. . . 

60 .. 

2*6 .. ,, ,, 

1 

. . 0*104 mm. . . 

70 

4*5 .. 

1 

.. 0*117 mm. .. 

70 

4*5 . . 

J 

.. 0*117 mm. .. 

90 

4-5 



Mean 

4*08 


(vii) FUamerUs after Treatment with 1 jm' cent. Sulphuric Add for one Hour 

(XVIIL, 23). 


1 

. . 0 *093 mm. 

.. 82*5 .. 

7*0 .. 

Broke at knot 

2 

. . 0 *093 mm. 

.,66 

6*6 .. 

a if 

1 

' 0*106 mm. 

» . 92 

5*6 .. 

ft 

2 

, . 0*106 mm. 

. . 74 

6*6 .. 

if »» 

1 

.. 0*133 mm. 

.. 112*6 .. 

7 *0 ... 

n ») 

2 

.. 0*120 mm. 

92*6 .. 

7*6 .. 




Mean 

6*60 
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(viii) Filaments after Treatment with cold 20 im cent. Acetic Acid for 21: Hours 

(XVIIL, 25). 


2 .. 

0*093 mm. 

. . 55 

6*0 

. . Broke at knot 

2 .. 

0*104 mm. 

. . 75 

6*0 

• • *9 >> 

2 .. 

0*104 mm. 

.. 80 

6*0 

• • 99 99 

1 .. 

0*140 mm. 

.. 92*5 .. 

7*5 


1 .. 

0*117 mm. 

. . 70 

4*5 

• • 99 99 

1 

0*117 mm. 

. . 100 

7*0 

• * 99 99 



Mean 

6*17 


Filaments 

after Treatment with hot 20 per cent. 

Acetic Acid (XVIII . 

2 .. 

0*09.3 mm. 

. . .52 *5 . . 

2*5 

. . Broke at knot 

2 .. 

0‘H7 min. 

. . 80 

5 *5 


2 .. 

0*104 mm. 

. . 72 *5 . . 

5*0 

• • i> »» 

I .. 

0*117 mni. 

fi5 

4*0 

• • .. 

1 .. 

0*093 mm. 

. . 82 *5 . . 

6*5 

. , ,, ,, 

1 .. 

0*117 mm. 

. . 65 

4*0 

• • »> »» 



Mean . . 

4*58 



(x) The above tables of data demonstrate the improved flexibility of the 
chemically treated filaments in a striking manner. That such improvement 
is general and not selective is brought out by the fact that the 48 filaments 
enumerated in tables (ii) to (ix) were the only ones selected for the tests. 
Certainly the most perfect filaments were chosen in each case, but this has 
been the rule adopted throughoiit the whole of this investigation. It is 
thus particularly satisfactory that in no single case was the usual brittleness 
of the crude filament noticeable aft^r the treatment with dilute acid. 

The mean breaking strain has not been calculated in these instances, but 
from the mean limiting elongations it is possible to obtain some idea regarding 
the relative merits of the different modes of treatment. Adopting this 
criterion, the best reagent would be 2 per cent, nitric acid (ii), the .second 
place being taken by 1 i)cr cent, sulphuric acid (vii). Calculating the exten- 
sions for a uniform diameter of 01 mm., the results are, however, practically 
identical for botli acids. 

47. — Summary of Results. 

The Posidonia filament consists of numerous thin- walled ultimate fibres 
without any protective exterior layer (see e.g., Plate IV.), and thus it was 
found that drastic chemical treatment tends to reduce the diameter and tensile 
strength, owing to the disintegrating effect exerted upon the composite 
structure. Hot dilute acids, for example, exert an action of this kind. 

With milder chemical agents, however, the disintegrating effect may be 
avoided ; and, when viewed in the light of the underlying principles discussed 
above (XVII., 2), the results of the experimental inquiry into the possibilities 
of improving the filament for textile uses must be considered as highly 
encouraging.' 
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Despite the handicap imposed upon such investigations by the unfavorable 
structural characteristics of the filament, it has been found possible to improve 
to a marked extent each of the main physical attributes of flexibility, 
elasticity, and tensile strength. Methods have also been devised for improving 
the lustre and feel of the material. 

It has been pointed out (XVII., 2, ii) that brittlenes.s, /.c., lack of flexi- 
bility, provides one of the main obstacles to the use of Marine Fibre as a 
textile filament ; the excessive loss of material in carding, for example, has 
been ascribed to this factor rather than to low ten die strength. It is, 
therefore, gratifying to record that by a very .simple treatment of the 
filament with cold dilute min<‘ral acids it acquires a comparatively high degree 
of flexibility. Dozens of knots may be tied and jiulled tight in the treated 
filaments, while tfio crude filament usiially succumbs at the first test of this 
kind. The striking improvement in flexibility is also illustrated by the 
measurements recorded above (XVIIT., 46) for the breaking load and elonga- 
tion of filaments which had been tested after chemical treatment and 
knotting. 

The great increase in flexibility is also ac-companied by a corresponding 
increa.se in elasticity, filaments which had been treated with I per cent, 
nitric acid exhibite<l seven and a half times their original degree of elasticity 
when submitted to a moderate strain (XVJIL, 20). 

The improvement in tensile strength was not so pronounced as the increase 
in flexibility an<l elaatiidty : in the mo.st favorable cases it amounted to 
between 20 and 25 per cent. ; and it appears unlikely that the filament is 
capable of mnlergoing any appreciable strengthening beyond this point. 
The mean values obtained for several .sets of chomirally-ireated, Posidonia 
filaments are practically identical with those observoil bv us for jute filaments 
(Table G), 

In the main these favorable re-sults were achieved by the use of dilute 
mineral acids, or of 20 per cent, acetic a<*id, in the cold ; and it is of particular 
interest that in these cases the filaments were improved simultaneously in 
the three respects mentioned. The collodion process aiul the treatment with 
hydrogen peroxide also gave results worthy of note. A summary is appended. 

Table S. — Improvements effected in the Elasticity, Flexibility, and 

Tensile Strenotii of Po.sidonia Filaments by means of (^tiemtcal 

Treatment. 


lieftiw^aco 

No. 

(Section 

XVIIT.). 

Reagent. 

Mean Perroniago 
Increase In the 
Breaking 
Kldiigutton 
(Crlterkm of 
Blast Irlty). j 

Mean PiTcentngc 
Elongation of 
Knotted Fllani»nt« 
(Criterion of 
Elastieity and 
Floxlhulty). 

Mean Porcentage 
Increase in the 
Bri'aklng Strain 
(Crllerku) of 
TouHile 
Strength). 

19 

HNOj, 2 percent., 24 hours 

102 

7-42 

23 

20 1 

HNOi, 1 per cent, 20 hours 

101 

5-92 

10 

22 

H^S 04 , 14 percent, 2 hours 

73 

5-72 

14-5 

2J 

Hcl, 1|^ per cent, 24 hoars 

67 

5-83 

2 

41 

Form Alin, 40 per cent., 24 
hours 

65 


13 

1 

25 

Acetic acid, 20 per cent., 
24 hours 


6-17 

1 20 

23 

H.SO^, 1 per cent, 1 hour 
Collomon 

60 

e-50 

23 

30 

31 

, . 

28 

27 

H^Oj, 3 i)er cent, 2 days 

24 


20 
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Most of the above processes also improved the feel and lustre of the 
fibre,” as was also the case with the Schweizer reagent (XVIIL, 12). A 
bleaching action was noticed with hydrogen peroxide, sodium peroxide, and 
ozonised air (XVIIL, 27, 28, and 29). 

From the table it ap])ears that 2 per cent, nitric acid is the best reagent 
for effecting an all-round improvement in the filament, while 1 per cent, 
nitric acid or 1 per cent, sulphuric acid may be applied with almost equally 
good results. Nitric acid of 2 per cent, strength has the disadvantage of 
staining the material appreciably. It is, of course, quite conceivable that 
more extensive testa might result in a slight rearrangement of the reagents 
listed in Table S ; but on the whole it may be assumed that 1 per cent, 
sulphuric acid, owing to its comparative cheapness, would be the most suitable 
reagent for large-scale operations. It may be noted, however, that nitric 
acid or hydrochloric acid yields a cleaner product than aulphurio acid, as the 
last-named is unable to remove the small nodules of lime which are often 
attached to the filaments. 

Whether the preliminary treatment with boiling water would be necessary 
in commercial practice is a point which experience would decide, as is also 
the question of the final washing ; in the laboratory experiments this was 
accomplished with dilute ammonia. Having outlined the main principles 
which our experience indicates should be adopted in endeavouring to improve 
the physical properties of the “ fibre ” by chemical means, wo consider that 
there is no need to go into further detail in this Bulletin; the determmation 
of the most expeditious and profitable method of applying the results of the 
laboratory investigations is a matter for large-wale trials. 

One point, however, calls for emphasis. The criicle commercial filaments 
are so extremely brittle that they should undoubtedly be treated chemically 
before being submitted to any drastic mechanical process. Once the untreated 
filaments are bent under pressure, it is obvious that nothing can be done to 
remedy the break which will inevitably occur. 

The satisfactory re.snlts of the treat)nent with dilute acids lead to the 
suggestion that the improvement in physical properties is to be connected* 
with the removal of mineral matter from the filament (cf. XV., 2). The 
inorganic constituents appear to be intimately associated with the organic 
fibre-material. When the acid liquor from the treated “ fibre ” is neutralised 
with sodium hydroxide, a gelatinous precipitate containing both inorganic 
and organic matter is formed ; and on testing the filtrate from this gelatinous 
precipitate both lime and magnesia may be detected, the former being present 
in greater quantity. 

Possibly, then, the presence of a protective coating may be assumed, 
which is easily dissolved in acids hut not in alkaline solutions. This assump- 
tion would account for the lack of action of strong solutions of sodium hydroxide 
and similar reagents on the crude “ fibre.” 

It is also probable that these inorganic constituents are largely responsible 
for the original brittleness of the material ; because after their removal the 
filaments become flexible and much more clastic. 



Possibly the resi.'stance to i*ot in & fuither result of the presence of such a 
coating, which may be either a natural device for the preservation of this 
portion of the plant or an adventitious result of the prolonged immersion of 
the filaments in sea- water. 

A consideration of the results of tests nuKle on filaments which had been 
treated with nitric acid of strengths above 1 per cent, indicates that the action 
of this acid is to some extent specific. Tt is likely also that the favorable 
influence of formalin is due partly to the presence of small amounts of formic 
acid and partly to a specific action exerted by the formaldehyde. The results 
achieved with certain other reagents, including hydrogen peroxide, present 
certain anomalous features ; and, in general, the nature of the chemical 
changes which accompany the above alterations in [ihysical properties calls 
for further inve^stigation. A Htinly of the behaviour of the “ improved ” 
material towards alkalies aud other reagents which were ajiplied to the crude 
fibre ” without any pronounced result offers another intert‘.sting field for- 
inquiry. A parallel study of jute and other related fibrous materials might 
also yield results of value. We hope, as opportunity offers, to be able to 
devote attention to these and other points which for the prcMcnt mu'<t remain 
unsettled. 


E.-NOTE ON A SAMPLE OF WESTERN AUSTRALIAN 

FIBRE. 

As a result of a superficial examination, a sample of Posidonia Fibre 
forwarded to us from Western Australia (Plate XX.) appeared to pos.Me.ss 
the same main characteristics as the South Australian material. The 8i>ecimen 
had been rolled into tightly packed mas.ses by tidal action, and tli(‘ rough 
treatment it had thus undergone was probably the cause of the unusually 
short staple it exhibited. 

It was with difficulty that &. sufficient number «»f unbroken filaments 
.suitable for testing were found. The values observed for breaking strain 
and extension were in general agreement with those recorded above for the 
South Australian material ; although possibly it may be inferred from them 
that the filaments from the Western Australian sample were somewhat 
weaker. The ten filaments tested varied in diameter from 0 • 14 to 0 * 1 04 mm. , 
and gave a mean breaking strain of 16*3 kilograms per sq. mm. of cross- 
sectional area, and a mean elongation under the breaking strain of 5 *29 per 
cent. (cf. Table B). 

It is to be anticipated that the commercial working of such closely knitted 
bundles of short, broken filaments as those which have come under our notice 
from Western Australia would present very considerable difficulties ; but 
the specimen is of interest as affording evidence of the occurrence of the Fibre 
In quantity — and thus possibly also in workable deposits— in localities well 
removed from the extensive beds of South Australia. 
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F.-CENERAL SUMMARY AND CONCLUSIONS. 

XIX.-MAIN STRUCTURAL, PHYSICAL, AND CHEMICAL 
CHARACTERISTICS OF POSIOONIA FIBRE. 

The structural, physical, and chemical chararteristics of “ Marine Fibre ” 
derived from the leaves and stems of the marine submerged flowering plant 
Posidonui australis^ Hook. /. (N.O. Nakuhwe e), have been submitted to a 
detailed qualitative and quantitative investigation ; and the material has 
also undergone a botanical examination and description. 

1. — Structural. 

Structurally, the Posidonia filament is a complex fibre-aggregate, resol 
vablc into a congeries of longitudinal strands ; these latter, under appropriate 
treatment, may bo di.sintegrated further iuto uuinerous ultimate fibres, 
averaging about 1 mm. in length. 

The filaments are. of comparatively coarse and short staple ; they taper, 
with occasional swellings, from a thick to a fine end, and also lack uniformity 
of staphs us between filament and filament. The surface is not altogether 
smooth, but the cohesive ne.s8 of the filaments is small. I’hey possess a harsli 
feel, and are practically lustreless. 

2— Physical. 

T })0 tensile strength of I'osidonia filaments per unit area of cross-secti<»ri 
is somewhat less than that of jute ; but o\sdng to the frequent occurrence of 
flaws ill the average Posidonia filament, the disparity in .strength between 
enide Poaidonia and jut<* is found in practice to be eoiisiderabh*. 

The Posidonia filament when subniitfed to a steady longitudinal pul) 
gives an unusually high elongation under the breaking strain, but its lack of 
flexibility is very pronounced. 

3. — Chemical. 

(i) Posidoiiui Lignocellulote. 

Pliemically, l*o.sidonia “ fibre ” appears to consist of u reactive ligno- 
cellulose intermediate in charaeter between jute and wood lignocelluloscs, 
although it yields a type of ci'llulose differing from that usually found in 
association with the lignone comjilex. The jddoroglucinol value is excep- 
tionally high ; and the colour reactions in general arc those of a lignocellulose 
more reactive and less saturated than jute. The proportion of lignone is 
firobably about 40 per cent. Among other noteworthy chemical features of 
the material are its marked resistance to dilute alkalies and such reagents as 
zinc chloride solution and the Schweizer reagent ; its siiecoptibility to the 
action of the halogens ; and its unusual affinity for dyes. 

(ii) Potidoma CelluloM. 

Posidonia cellulose is obtained in 5.5 |)er cent, yield when the “ fibre ’* 
is submitted to the chlorine-sulphito process. Among the special chemical 
characteristics of this type of cellulose is the high furfural value ; this is 
removed from the values given by the celluloses from jute, woods, and other 
common lignified tissues, and indicates a resemblance to straw and esparto 
< ellnloses. The proportions of a- and y-cellulose into which Posidonia 
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Cflluloso has been resolved, as well as the furfural values of these components, 
are also in marked agreement with tlie corresponding data for esparto cellu- 
lose. Posidonia cellulose, however, may readily be distinguished from the 
latter type of cellulose by the fact that it yields no colour with aromatic 
aminea. 

A proliminary treatment of the fibre ” with hot <liluie sulphuric acid 
influences very considerably the character of the derived cellulose. 

Beyond their technological significance, these results ot the study of 
Posidonia cellulose, when correlated with .similar data for other specific 
compound celluloses, .should possess a more general interest in connexion 
with the task of elucidating the complex chemical and jdiysiological relation- 
ships of sucli products. 

XX.-€RrnCAL REVIEW OF THE CHIEF INDUSTRIAL ASPECTS 
OF POSIDONIA FIBRE. 

The determination of the structural, physical and chemical characteristics 
of “ Marine Fibre ” was mainly undertaken with the object of throwing 
further light upon its pos.sible industrial appUcation.s. The economic im- 
portan('.c of determining the most .suitable outlets for the ‘‘ fibre ” becomes 
ajiparent when it is stated that the workable area of the South Australian 
(lepo.sits alone has been estimated at 240 square miles, corresponding to 
4,600,000 tons of the material (65) : while deposits also occur in other 
localities (cf. E). 

1.— Textile Material. 

The most impoi’tant application to bo foreseen is in the textile industry ; 
and for this purpose the low market price of the material Ls an encouraging 
factor. It has been estimated, as recently as 1916, that cleaned ‘‘Marine 
Fibre,” washed with fresh water, and showing an acid purification loss (XI.) 
of 6 to 8 per cent., could be landed at a P]uropean port at a bare cost of tIO 
per ton (23), 

(i) Fin# TmIiIm. 

As demonstrated in the course of this Bulletin, however, the crude “ fibre ” 
possesses a number of disadvantageous properties when regarded in the light 
of a possible textile material — the shortness, coarseness, and irregularity 
of staple ; the lack of flexibility and eohesiveness ; and, notably, the struc- 
tural characteristics of the filameni arc all opposed to its employment in the 
fabrication of fine textiles. 

(ii) Lower^gradt Fabrics. 

Repeated technological trials appear to have demoastrated that these 
adverse factors may be overcome to some extent by using “ Marine Fibre ” 
as a diluent, in admixture with superior fibrous material, such as wool, in 
the manufacture of lower-grade fabrics ; the dyeing properties of the “ fibre,” 
and its low heat conductivity, may be mentioned as favorable characteristics 
for such a purpose. 

(iii) Coane Textilw. 

Suggestions have also been made for the utilisation of Posidonia ” fibre ” 
in the manufacture of coarse textiles, such as guano bags, horse blankets, 
and woolpacks ; and these might well be realised, in spite of the shortness of 
staple, and low flexibility and tensile strength. In each of these respects 
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Po»i(lonia is inferior to jute ; but it is far more resistant than jute to the 
action of chemical and bacterial agents. Pasidonia “ fibre ** would thus be 
of especial use in the manufacture of coarse fabrics which might be required 
to withstand continued exposure to the weather, or to the action of, sea- 
water or alkaline agents, rather than to offer resistance to friction and strain . 
(iv) Impravameato sffecttd in the FiUuneat for Textile purpotee. 

The results of the investigation of Posidonia “ fibre ** recorded in this 
bulletin have an important bearing upon the suggestions which have been put 
forward for its utilisation as a textile material. 

As a preliminary to a brief review of the salient featuro^s of this aspect 
of the work, it should be emphasised that the comparatively low textile 
value of the c-nide filament is to be regarded as a consequence of a conjunction 
of adverse structural and physical (‘haraci-eristics, rather than of isolated ' 
factors sucli as brittleness and low tensile strength. Further, since the 
pjij’sical ])roportios are to a large extent dependent upon the unalterable 
structure of the filament, it is to Ixj anticipated that such properties wiU only 
prove capable of modification within well-defined linnts — the possibility of 
the physical projjerties of a very short-fibred lignocelluloso filament (such 
os that of Posi(lonia) being improved to match, or approach, those of longer- 
fibred compound cellulose or normal cellulo.HC filaments (such as those used 
in the manufacture of the intermediate and finer grades of textiles) cannot 
be enteitained. 

Tn view of these considerations, it is satisfactory to state that although 
the fundamental and unalterable .structural attributes of tlie commercial 
Posidonia filament and of its component ultimate fibres are unfavorable for 
textile purposes, a marked degi*ee of success has nevertheless been attained 
in improving various physical properties of the filament (XVIIL, 47). 

The present investigation goes to show that the main physical defect of 
the (;rudc commerc-ial filament is its brittleness ; and that possibly lack of 
tensile strength and elasticity has been unduly stressed in previous publica- 
tions. It may still be admitted that the tensile strength is low, although in 
this respect the Posidonia filament is very similar to the much-utilised jute 
filament ; further, it seems that the structural peculiarities of the Posidonia 
filament allow only of an increase of about 25 per cent, in the tensile strength 
as a result of artificial treatment. 

The elasticity of the Posidonia filament, under a steady longitudinal 
strain, is surprisingly high ; and several methods of increasing it to a very 
striking extent have been devise<l. In one case, for example, the elasticity 
of a series of treated filaments was raised to 7J times the original value 
(XVIII., 20). The supi)osod inelasticity of the crude filament is perhaps to 
be attributed to its extreme brittleness ; a very slight transverse or oblique 
strain is usually sufficient to occasion fracture. Most of the considerable 
loss which occurs in carding the ** fibre ” must l)e attributed to this lack of 
fiexibility, which is one of the main obstacles to the textile iise of the 
material. 

It is thus of particular interest that simple methods of treatment have been 
discovered (XVIIL, 47), whereby a remarkable degree of flexibility may be 
imparted to the “ fibre,’’ enabling the filament to knotted repeatedly with 
ease. 
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The “ fibre ’* may also be rendered softer and move lustrouH. 

As most of these improvements may be cffe<)ted simultaneoasly, and, 
further, since appropriate methods appear to be capable o( application on a 
commercial scale, the value of “ Marino Fibre ” for the textile y)ur^»oses 
indicated above should increase correspondinj^ly. 

2. — ^Intuladiig Agent. 

The high value of the “ fibre ” as an insulating agent for heat has been 
definitely established for some years ; it is stated that in this respect Posi- 
donia is as efficient as hair-felt and superior to such non-conducting materials 
as asbeata*!, jnunice, mineral wool, &c. (66). As Posidonia “ fibre ” is now 
employed extensively for insulating purposes, no further comment is neces- 
sary upon this aspect of the question of its utilisation ; but certain in^ints 
of interest in this conni'xion have been recorded above (cf. VII. and Vlll.)» 

3. — ^Minor Possibilidet. 

Among minor possibilities may be mentioned the suggested lise of rlie 
“ fibre *' as a substitute for horsehair and kapok for bedding and upholstery, 
and as an ingredient, with asbestos, of roofing felts. It lias also rpceived 
notice as a suitable substitute for jute iii the manufacture of bac;kings for 
oilcloths, carpets, rugs, &c. A critical survey i.>f such suggestions is outsirie 
the scope of this Bulletin; but it is probable that any pr(*cess which woald 
improve the “ fibre for textile purposes would also enhance its value for 
such applications as those whi<*.h have just bci*n enumerated. 

4. — Source of Explosives. 

One other interesting possibility which has attracted attention is tliar 
Posidonia “fibre” might form a convenient source of gun-cotton ; but, Jrom 
the results we have obtained (XV., 2), it a)»pcai*s that with certain relatively 
unimportant ^•xceptions, the product cannot be regarded as a suitable 
starting-point for the manufatdure of explosives. 

5- — ^Paper**inaldng Material. 

The composite lignoccllulose structure rcprescntc*(l by the Posidonia 
filament is easily resolvable by chemical means ijitt) cellulose units (“ ultimate 
fibres”) averaging, apjiroximately, 1 mm. (l-Sfith inch) in length. V new 
serie.s of po-ssible applications is to be associated with these structural units 
derived from the oiiginal filament. 

The diinenpions of the ultimate fibre of I’osidonia (11., 3), as well as its 
<;hemical chariicteristic.a (XllT., 4), re.^emble very closely those of the esparto 
fibre : a strong indicajtion is thus obtained that an outlet for ** Marine Fibre ” 
might be sought in the paper-making induvstry (XIII., 5). The absence of 
discolouration when Pasidonia cellulose is brouglit into contact with aniline, 
&c., provides, in one re^spcct, a notable advantage over the widely used esparto 
cellulose. 

In papernnaking, as indeed in most of the numerous and rapidly expanding 
cellulose industries, there is an increasing demand for types of celluloses 
with specific characteristics for the fulfilment of narrowly defined require- 
ments ; and nothing short of a technological examination, in each case, 
will be sufficient to determine the most advantageous application of the 
particular association of properties— structural, physical, and chemical-, 
which centre in the ultinoate fibre of Posidmm amtralis. 
a6]5ff.--9 . 



58 


6.— Source of Celloloce* 

The euonnouH development of the cellulose technology in recent yeart» — 
notably the expansion of the viscose (Xlll., vii) and cellulose, acetate 
industries, entailing the large-scale production of artificial silk, photographic 
fUras, celluloid substitutes, acetate silk, See , — calls for constantly increasing 
supplies of the raw material. Hitherto, such supplio.s have been raised from 
crop plants and |jerennial woods, which, in addition to cultivation, demand 
prolonged treatment before the cellulose can be isolated. In the Posidonia 
“ fibre Australia possesses a unique and readily-worked source of a cellulose 
with highly distinctive {eatures : a raw material which is to be envisaged as 
an enormous potential su]q)ly for such industries as utilise cellulose fibres 
of short length. 

With the increasing demand, him! particularly in the absence of systematic 
means of maintaining the supply, the economic position c»f cellulose appears 
liable to undergo considerable change during the coming years : but quite 
apart from such considerations as these, it appears to tlic authors that a 
lignocelliilose available in millions of tons; directly accessible in the form of 
separate filaments; independent, therefore, of retting, or more complicated 
processes; and cajiable of such ready disintegration into a short-fibred 
cellulose, must eventually attain an accredited world-position as an economic 
source of cellulose. 

It seems likely that the recognition by technologists of the peculiar 
conjunction of ])roperties presented by Posidonia lignocellulose, and by the 
derived Posidonia cellulose, will result in a full exploitation of the poten- 
tialities of this remarkable Australian natural product ; and it is with this 
hope that the results of a laborious but interesting investigation am offered 
for piiblication. 
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I’l.XTK V -INiItTlON OK A LkM- 

aihitralijif Jlimk. /. (.V.O. yaiadacfa). 

Showing hf)W Iho fibre bundles oecur mostly below the epidermis in a renulur row, 
with a few towanls the centre of flu* nerenebyma. X So. 






1*1. \Ti-: \1 — Ski-vkatk Fet.vmknt'^. fn: r'luui; lit ni>i j s 
Po.sulania {tustrttl is, I Took. /. (N.O ^ atailttri ft). 

Sliowin^ tlif* s\V(•lIiJl^^> on tlic <lt»rsaJ Miifact's of the outt-r iiltiinato 
fibres; those appoar as dark 1 1 aiisvers*' markirij^'^. The I 

arranji^ement of the nltiiiiiite fibre strands is also evident. X 20 




rLVTi: V]I.- StI’AKATE Fll-AM I'.NTS, Oil Fj HIli: lU’NDLEM. 

J*ofsifJouia auf<lfalis, llouk. f. {X.O. Xmatlacttr), 

Two uf tlio filHTiUMits fnnn Plato VI. viowod under n liijilier ))owii and 
sliowinvJ nioTO distinctly the '•Molluigs on the dorsal sui faces of the outer 
ultimate tihres; these appear as dark trnnsverHo markings. The lon'.dtudinnl 
arranLUMiicnt of the ultimate fibre ‘truiuls is also evident SO. 


t Mil of, .--11 









I’j.v'ih 1\. V SiM.i K lirsDi.h. 

Pu-odoitm tutslHfli',. IKuiK. /. (V/) Snindturtr). 

Sliownin Hie lir-1 stnj:<* of stnictural tlisiiit<*irr,itinn ; srjiaratiDti of Ihc ituotjf 

IoiilmI iidni.il 'stnmrls l»v tho ncfioii of vaiwMir lO.-). 





Pl.ATK \ — A SlNOT.K FimiK BUNDLK 
Posidotn'a nmfrnlis^ Hook, f, (N.O. Ndifid'irea) 

Separntod into its constituent strands This photogra])h .serves to illustrate the 
resisting properties to l)romino vapour of the cementing medium which fastens the 
ends of the ultimate fibres together. ■' lO*'). 




T'i.atk XT- -V SiNfjr-r. Fiiiur: ITrsni-i-: 
PoMtdonIa uusfr<i]iM^ Hook. /’. {N.O. Xaituir'nr). 

Separated int<» its nonstituont Ktiands. 'L’he re'>istifiir jjn)|MTti'^s 
of the coaientinii medium which fasten'^ I In* ends of the uUiinate lih 
$«hown by the broken etui of the film* bundle. 


to bnjinine vapour 
res toxrether is well 


(\oir)o.-i2 





\IJ. A SiNoi.K Fjhkk 1U;m»i.i. 
iiiiJiti (iliSf Hook./. y (f Ifulitrt It ), 

'rills |)lioto^iapli illiisl nitfs th« coiupleU* of all (•(‘iiHnitinjj; lualiMial 

l>y chlorine* water, and the* consc<iiu*iit (lisiiit.4*j^rat ion of the tihre hundU's (lilamcnl) into 
minute nil irnatf fihre**. > lOA 




I*iATb Xlir A SiNjjLi. Kiurk Himu.k. 

Poslflofflfi australis. Hook./. {N.O. Suiarlarra) 

This photo^ra]>h illustraU-s the oomplotr doslnirtion of all •■oiiienlinf; iiimPtihI 
bv (‘hlorinc watrr, as aKo >^l^ov\n in Tlnto \1I. , Ibri 





XJ\’. — Ui/riMATK Fibri:s. 

PfMiitlfniia anfil/alis. Hook./. {X.O. Nnimldrcn), 

Sojmmtocl by nitric aciil and pota‘*Mum chlorate from the lilamcut'i, oi lil>ir 
biindloa. X 105. 




fLATV. XV. — Ultimatr Fiukes. 

Posidwiia anetraliSf Hook, /. (*V.O. Naiadamc). 

Separated by aodiuin hydroxide and chlorine from the filamonta. x 105. 







PlATK XVI.- ULTrMATE FIBRES OF .lUTE. 

These Hbi'es ai-e reproduced for compuriscm with thoac of Pomdonia ausiralin. 
(Plates XIV. and XV.). X 105. 





PlATK Wll. -ThsTiNt; .MvflllNK. 

UstMl 111 tln) (leterininntion «)f the tensile strenvrth nnd ('xtonsion of (Tude and 
chemicnlly treattMl Posidonia filameiita, (iSVelll., 1 .) 

One-nnarter actiiul si/e. 

















Plate XX.— -Ma‘^se> of v Fiunt. A-s foun*l tm the cna^t Wf^teni Axi'^traJia. The felted formation n 

broueht alx^ut bv the action of thf* wavf»=«. One-third natural ‘Jize. 
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XLIV. — Thf* Pvf'ijarnfutn of llalogrno/n/drtvs. 

By John Read and Mahcahet Maiiy WiLLiAMa. 

In a previous communication (T., 1917, 111, 240), we have slio\vi\ 
that when ethylene is passed into cold Uromiiie water, two additive 
reactions occur simultaneously, leading to the production of 
ethyleuebromohy drill and ethylene dibromide respeolivcly. As 
the first of these reactions takes place with a greater velocity than 
the second, the method is well a<lapted to the preparation of 
ethylenehromohydrin in quantity, 'riius, from 200 grams of 
bromine reacting in a particular experiment, we were able to isolate 
85 grams of ethylenehromohydrin and 88 grams of ethylciu* 
dibromide, the corresponding relative percentages of ethylene Icing, 
therefore, 59 and 41. The bulk of the ethylene thus reacts to form 
ethylenehromohydrin rather than to produce ethylene dibroinidc. 
Owing to the difficulty of eftecting a complete isolation of the 
bromohydrin, the evperimentvS in question are to be regarded ns 
qualitative rather than quantitative, and the latter aspect is 
reserved for further treatment. 

In a further study of the reaction we have now found it possible 
to improve the yield of bromohydrin by adopting a inodificalion of 
the original method, to which, incidentally, we have alrearly directed 
attention (/oc. cii p. 243), that is, by increasing the concentration 
of the ethylene, and thus accelerating its gross rate of reaction. 
At the siune time, the modified method reduces the concentration 
of free bromine in the liquid to a minimum throughout the 
operation. 

A current of air is charged with bromine vapour by causing it 
to pass slowly through a vesstd containing an ap}>ropriate quantity 
of the halogen. The gaseous mixture is then passed through a 
perforated glass bulb into ice-coole<l water, which is subjected to 
vigorous mechanical stirring throughout the course of the experi- 
ment. A second perforated bnlh, arranged at a distance from the 
first, admits a regular stream of ethylene into the liquid in the 
form of numerous minute bubbles. Reaction occurs readily under 
these conditions, the bromine being admitted at a rate 5ufficient 
to maintain at the most a barely perceptible tint in the li(|uid. 
The operation may be conducted for a considerable time, and 
naturally, in practice, the most effective period will be tletermined 
by the influence exerted on the reaction by the steadily increasing 
concentration of ethylenehromohydrin and hydrogen bromide in 
the solution. This aspect of the reaction is still under consider- 
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ation, but it may here be noted that in both the original and the 
modified method the process was continued until the solution had 
attained a concentration of somewhat more than 14 per cent, of 
ethylenebromohydrin, determined by direct isolation^ the mean 
value corresponding approximately with a l-SS^^-solution of this 
substanoa 

The following results of a typical experiment may be quoted, the 
products having been separated in the manner already described 
{loc. ciV., p. 242) : using 500 c.c. of water, the amounts of ethylene- 
bromohydrin and ethylene dibromide obtained were 82 grams and 
54 grams respectively, and the amount of hydrogen bromide present 
in the liquid at the end was 69’ 7 grams, estimated by titration. 
The relative percentage amounts of ethylene corresponding with the 
above weights of ethylenebromohydrin and ethylene dibromide are 
70 and 30 respectively. It is apparent, therefcre, that the modified 
process is superior to the original method in yielding an appreci- 
ably higher bromohydrin /dibromide value, the molecular ratio 
being 1*46 in the original method and 2*3 in the modified process. 

As already indicated, the results derived in this manner, although 
useful for purposes of comparison, are not to be accepted as exact 
quantitative values, and possibly a more accurate idea of the 
numerical relationships may be derived from a consideration of the 
distribution of the bromine in the above experiment. Of the total 
bromine accounted for (167*3 grams), 62*7 per cent, was utilised 
in the production of the isolated bromohydrin and 27*5 per cent, 
was converted to dibromide, whilst the residual 9*8 per cent, repre- 
sents an apparent excess of hydrogen bromide, the occurrence of 
which may possibly be due in some measure to decomposition of 
hypobromous acid into hydrogen bromide and oxygen. Under the 
conditions now described, however, it seems unlikely that any very 
appreciable loss of halogen would accrue from this cause; the 
apparent excess of hydrogen bromide appears rather to be a con- 
sequence of the incomplete extraction of the soluble bromohydrin. 
Accepting this view, that is, adopting the amount of hydrogen 
bromide formed as a criterion of the yield of bromohydrin, the 
distribution of the ethylene in the experiment described above 
would be 76:25, correspouding with a molecular ratio of 3*0 as 
between ethylenebromohydrin and ethylene dibromide. 

Further discussion of these values may conveniently be deferred 
until further data have been accumulated, but the results prove 
that cold bromine water provides a valuable source of potential 
hypobromous acid, and that its application in the manner described 
o]icns Up a very practical and expeditious method of preparing 
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bromohydrins. Thai this additive reaction is capable of wide 
application is uidieated by the resulte of further investigatiou:^, 
which, however, for the most part have not yet been completed. 
In the case of cinnamic add, for example, we have been able to 
show that a similar reaction occurs with great ease, the ratio of 
the respective amounts of dnnamic acid converted to bromohydriii 
and dibromide in a particular experiment being about 5*0 (/. rroc. 
Roy. Soc. N.S. Wales, 1917, 61, 561). Owing to the comparatively 
high molecular weights of the substances concerned, and also to 
the ease with which the products may be isolated, the final concen- 
tration of bromohydrin in the solution was kept in this case quite 
conveniently below 0‘2N ; the high value of the bromohy dr in- 
dibromide ratio is doubtlessly due partly to this factor. 

From the results we have recorded in the case of bromine water, 
it is evident that chlorine water may similarly be regarded as a 
highly convenient source of potential hypochlorous acid for use in 
the preparation of the corresponding chlorohydrins. Bromine 
rather than chlorine was selected for the initial investigation, 
owing to the reported comparative facility of combination of hypo- 
bromous add with ethylene {AnnaJen, 1866, 144, 40; J. Russ. 
Phys, Ghem, Soc., 1898, 80, 900), and to the greater convenience of 
manipulation. Our antidpation that chlorine water and ethylene 
would react similarly was confirmed by a series of preliminary 
experiments, but, owing to the pressure of other work, the matter 
had to be left in abeyance for the time being. The continuation 
of this line of our investigation has now been rendered unnecessary, 
owing to the recent publication by Gomberg {J. Amer. Ghem. Soc., 
1919, 41, 1414) of the results of a detailed examination of this 
reaction, the prindple adopted being that laid down in our original 
paper, whilst the amounts of ethylenechlorohydrin produced were 
estimated by means of a refractometric method which appears to 
meet adequately the requirements of this particular case. From 
the results given, it would seem that under comparable conditions 
the reaction in the case of ethylene proceeds somewhat more readily 
with chlorine water than with bromine water, interpolation reveal- 
ing that in the preparation of a l*33iV^-8olution of ethyleneohloro- 
hydrin, the relative percentage amounts of ethylene converted to 
chlorohydrin and dichloride would be 84 and 11 respectively. 

It may be added that a study of the action of chlorine water on 
oinnamio add has also given satisfactory results. The details of 
this last reaction, as well as the results of an extended series of 
rdated investigations, are reserved for future publication, but we 
may remark in this place that sufficient data have been secured to 
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indicate that both chlorine water and bromine water are capable 
of wide application in the novel and effective method of preparing 
halogenohydrins which we have described. 

Department of Oroanto Chemistry, 

University of Sydney. [liecHved^ March I6th, 1920.] 
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NOTE ON ORaANO-MBTALLIO DERIVATIVES OP 
CHROMIUM, TUNGSTEN AND IRON. 

By Georob Macdonald Bennett, m.a., M.Se. and 
Eostaoe Ebknezbr Turner, b.a., m.s«. 

(Oommunicaled by Prof. J. Read). 

'£E«ul h^ort tAa Royal Society of N.8. (Talee, Auyuet 6, iSt9 ] 

It has been shown ‘ that anhydrous chromic chloride reacts 
with aryhmagnesium halides to give compounds which, on 
decomposing with mineral acids, are quantitatively con- 
verted into the respective di-aryl hydrocarbons. The 
nature of the iptermediate compounds, usually (as in the 
caseof the product from phenyl magnesium bromide) orange- 
red in colour, has not yet been determined, owing to the 
difficulty of isolating pure substances from the reaction- 
mixtures, but in view of some experiments (carried out in 
1914) on the interaction of phenyl magnesium bromide and 
anhydrous ferric chloride, the view is now expressed that 
in thd case, both of chromic and ferric chlorides, organo- 
metallic derivatives are formed, these being decomposed 
n presence of mineral acid, so that in the preliminary 
experiments their formation escaped observation. 

Of the two series of organo-metallic compounds, the iron 
compounds are apparently the more stable. The chromium 
intermediate compound (phenyl) on treatment with mineral 
acid, is at once converted into diphenyl, whereas the iron 
compound is partly so decomposed, the major portion 
remaining in the ethereal solution. Thus in one experiment, 
a Grignard reagent prepared from 37*5 grams of bromo- 
benEene, 4*6 grains of magnesium and 60 ccs. of ether was 

, » Chem. Soc., 1914, 106, 1067^ 
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divided into. two equal portions. The first was at once 
decomposed with water and acid and gave 0*6 grams of 
diphenyl. The second was treated with 5 grams of ferrio 
chloride and gave 4 grams of diphenyl, so that evidently 
the majority of the initially-formed iron organo-compound 
remained in the ethereal solution as such. 

\ V 

An attempt was made to isolate an iron organo-compound: 
the reaction mixture from phenyl magnesium bromide and 
ferric chloride in ether was treated with water and dilute 
sulphuric acid and the ethereal solution separated, dried, 
filtered and evaporated. The dark coloured solid residue 
so obtained was freed from diplienyl by extraction with 
light petroleum, when an ochre-coloured solid was obtained. 
This was washed with water, dried, dissolved in benzene 
and precipitated by the addition of light petroleum. A 
greenish solid resulted, which contained iron, was soluble 
in benzene and depressed the melting point of diphenyl. 

Oddo, who has investigated tiie subject from a different 
point of view* apparently failed to isolate a solid phenylated 
iron compound, although his conclusions are in substantial 
agreement with those now. put forward. 

In the interaction of tungsten chlorides with Grignard 
reagents, organo-metallic compounds seem to be produced 
as unstable intermediate products, all attempts to isolate 
them, however, having at present met with no success. 


* Oays. pUm. ital., 1914, 44, ii, 86S, 




(Reprinted from the Journal and Pnxeedini/.'t of the R<ryal 
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THIfl AOTION Oli’ OUPRIO OULOIMDR ON OROANO- 
MBTALLIO DKRIVATIVES OP MAONKSllJM. 

By Eustack Ebknrzrii Turnkr, b.a., m.s.-,, a.t.c. 

before Ihe Royal SoctHy of N. 8 Walen, June 2^ JHW ] 

It l^as been shown' that an ethcroal solution of phonyl 
magnesium bromide reacts with anhydrous cupric chloride 
to give an almost theoretical yield of diphenyl : 

2 OuOlj, + 2 PhMgBr==:Ph.Ph+Ou,Oi.+MgOU-f-Mgnr,. 

This method of preparing diphenyl is preferable to that 
described previously* using chromic chloride, since the 
anhydrous cupric chloride may readily be made by dtdiydrat- 
ing the commercial dihydrate. Moreover, in the case of 
o-tolylmagnesium bromide and ioilide, chromic chloride 
gave a very poor yield of 1 : I'-ditolyl, whcr(*as it has now 
been found that anhydrous cupric chloride reacts with 
o-tolylmagnesium bromitle to give the ditolyl in good yield. 
That the preparation of this hydrocarbon has presented 
some difficulty in other liands may be judged from tlie fact 
that Kenner and Turner^ rejected the Fittig method in 
favour of that due to Ullmann.^ 

Attempts to couple two dissimilar groups by means of the 
cupric chloride reaction have met with no success, as was 
the case with chromic chloride. Since there is no obvious 
reason to expect a better yield of (say) toluene in the 
Fittig reaction: 

Ph. I + 2 Na + Me. 1 = 2 Na I + Ph.Me, 

> Traaa. Chem. Soc.. 1919, 116, 659. 

» Trans. Chem. Soc., 19U. 105, 1057; this Journal. 1919, tin, 100. 

» Trans. Chem. Soo , 1911, 99. 2108. 

♦ Annalen d, Chemie. 1904, 332. 28. 
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than in the Htili hypothetical reaction : 

PhMgI + MeMgI + 2ChiCU,^Ph.Me+CUOI.,+Mgl'‘hMgCU 
both being apparently quadrimolecular roactlonn, it is prob- 
able that the Pittig react ion is of a far more complex nature 
than in generally aupposed. It is not commonly realised, 
moreover, that the Pittig reaction is by no means capable 
of universal application, atid that actually it is useless in 
practice for the preparation of several of the more common 
<liaryl-hydro(‘arl)ons in any quantity; in these cases either 
the chromic or cupric chloride iiietliod gives good yields, 
and (wliich is c(|ually important) very pure pro»lncts. 

It would be cxpeete<l that cupric chloride would react 
with the magnesium derivatives of halogen fatty acids to 
give succinic acids. Although, owing to lack of material, 
it has nut been possible to investigate this matter fully, it 
is conclud(Hl that little success is likely to result from a 
more exhaustive examination. Thus in some preliminary 
experiments neither broinoacetic estcu* nor /:^-iodopr()pionic 
ester reacted in ethereal solution to gi'e the ex[)ected 
succinic or adipic> esters. With the simpler ester, a vigor- 
ous reaction was observed, but tliis was probably due to 
interaction between carbethoxymethyl magnesium bromide 
and unchanged broinoacetic ester. The iotloi)roplonic ester, 
on the other hand, was recovered, for the most part, un- 
changed, a result which can bo attributed, no doubt, to the 
slight reactivity of a halogen situated in the /^-position with 
respect to a carbethoxy-groiip. 

'^-Bromobutyric ester, on the other hand, gave an appre- 
ciable quantity of s-diethylsuccinic diethyl ester when 
allowed to react in ethereal solution with magnesium and 
cupric chloride. 

Bsperimental 

Preparation of 1 : V Ditolyl. 

Anhydrous cupric chloride (60 grams) was added to a 
Orignard reagent made from 51*3 grams of o-bromotolueen, 
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7*3 grams of magaesiuiii and 200 cos. of ether. A vigor- 
ous reaction set in and was finally carried to (ioinplction 
by heating on the water hath. Tlu 3 oiunge-red solid 
(possibly an organometallic ilerivative of copper) was 
decomposed with water and dilute acid, the organic, portion 
extracted with ether, and the extract dried, filten.nl and 
evaporated. The residue was distil U mI under diminished 
pressure and gave a yield of 1 : 1 -ditolyl corresponding to 
30 per cent, of the theoretical. I'he hydrocarbon was very 
pure and melted at 18 \ 

Attempt to preporc a-HenziflnophtUdioie. 

Ilenzyl bromide and magnesium react in presence of 
ether to give not only benzyl magnesium bromide but also 
considerable cpian titles of s-diphenylcthane, the formation 
of the latter being d(5creased if a large excess of magnesium 
is present. The mixed Grignarll reagents were tluu'efore 
prepared by allowing 3i*2 grams of benzyl bromide to react 
with 9*73 grams of magnesium in presence of 200 ccs. of 
ether, 41*4 grams of a-bromonaphthalene being add(‘d when 
the whole of the benzyl bromide had reacted. To the 
solution finally obtained were added 60 grams of cupric 
chloride. A brisk reaction set in, was carritid to comphv 
tion by heating, and the product worked up as d(iscribed 
above. Distillation under diminished pressure gave traces 
of toluene and naphtlialeno, but chielly s-diphenylethanc 
and a : ^i'-dinaphthyl. No <'-beuzylnapthalene could be 
detected. 

Fortruition of s^Diethylsuccinic diethyl ester, 
a-Bromobutyric ester (19*5 grams) was added to 2*43 
grams of magnesium and 200 ccs. of ether. As soon as a 
vigorous reaction had set in, 20 grams of cupric chloride 
were added. Steady reaction proceeded for about half an 
hour and allowed to become complete at water bath tem- 
peratures. The resulting mixture, on decomposing in the 
usual manner, gave 3*5 grams of s-diethylsuccinic diethyl 
ester. 
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PftetlMlNARY ACCOUNT OF A MAGNETIC 
EXTENSOMETER. 

By J. P. V. Madsen, D.Sc., B,E. 

INTRODUCTION. 

The u'ork deHoriWl in Ibis pap^r was carried out in the 
Electrical Engineering J^lx>ratory of the I*. N. Russell Solujol 
of Engineering at the Univeniity of Sydney by several senior 
students and graduates, under the direction i>f the aiitlior. 

As the work has been seriously interrupted in ivcent years, 
it is thought that a preliminary account of the investigation 
and of the results so far uMaitied may l)o juslifud at the pre- 
sent time, pending the completion of the Yvork. 

One application of magnetic effwts to the measurement (»f 
small distances is to Ih' found in the Denny-Johnson 'rt)rsion- 
lueter.. 

In this appamius the movement U^tween two points »»n a 
steel shaft Bul)jected to torsion causes a corresponding displace- 
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taent between two iron eorea relatively to each, other. A 
primary coil ia wound over the one eore, and ia excited by an 
alternating current A aeeondary coil ia wound on the 
second core and the induced voltage is measured by a suitable 
Hem of voltm^er. In the apparatus described by Denny* 
jNHnson the greatest movement measured was .2 ipehes, with 
the pole pieces set so as to approach one another not closer than 
:05 inches. Under ordinary circumstances the torsion is mea- 
sured in about dve feet of shafting. The arrangement, though 
simple, seems unnecessarily bulky, and appeared capable of con- 
siderable refinement. 'With this object, our first efforts w|sre, 
directed towards the improvement of the extensometer porthA' 
of the apparatus. . ' 

Preliminary experiments were carried out by Messrs. O. le 
M. Knight and D. P. Herbert, using an arrangement as shown 
on Fig. 1, in which primary and secondary coils were wound 
upon a laminated core. In this core a gap was cut to allow 
the reluctance of the circuit to be controlled by the movement 
of pieces of iron in the gap. 

Experiments were also tried varying the size of the gap. 
The results showed that with suitable adjustment of gap and 
plunger, the voltage from the secondary coil could be increased 
from 250 volts to 300 volts for a movement of the plunger of 


1/32 in. This represents a sensitiveness of approximately .4 
volts for *“•! ood would mean the reduction from five 


feet to one foot in the necessary length of shaft for the torsion- 


meter. 


The chief objections arose from the presence initially of a 
cousideraUe magnetic fiux which produced a voltage large com- 
pared with the amount to be measured, and also gave rise to 
unnecessarily large initial pull on the plunger. 

Experiments were designed to further increase the sensi- 
tiveness, and to repiove, if possible, the objection^ ^eferrd to, 
and were Carried oh| by Messrs. A. Bum, R. A, Holloway, H. 
G. Pry, and W. E, #ike. 


DESCRIPTION OP APPARATUS. 

Pigurefi 2 and 3 diow the design of the new -apparatus. 
The instrument consists of a eore made fropi stamping of 26- 
gauge soft iron, with 1/16 in. cover plates. The stampings are 
riveted tc^ther, .and milled out to the shape mid dimensionf 
shown in Fig. 2. 

The legs of tiie cOre gre wound with primary coils, each 
coll consisting' of about 100 turns of No. 22 S.'W.G. cotton- 
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covered wire. The total resistance of the primary coils wa.s 
63 ob»»w» In the air-gap works a pivoted armature, overwound 
With. 676 turns of No. 32 S.W.G. double silk-covcred wire. 

Total resistance, 10.14 ohms. . . ..^ 

"When the armature is symmetrically situated with respect 
to tho air gap, the flux passing through the swondary coil is 
*ero. A movement of the armature towards either leg of the 
core dimiuishes the air gap on this side an^ increases it 
on the other. Accordingly such movement causes flux to pass 
in the armature, and hence produces an E.M.P.. In the wwondary 
coil which varies with the distance the armature moves from the 
position of symmetry. 
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airmaitire was pivoted as shewn, and held by hardened 
steel pins^ and was easily removable. This enabled modification 
to be readily effected in the size of armature, gap, and windings. 

Alternating current was supplied from a motor-generator 
set^ and the current through the primary coils controlled by 
rheostat A rectifying commutator was attached to the shaft 
of the alternator, and was included in the secondary circuit, the 
leeondaiy current being read by a milli-voltmeter. Fig. 8 shows 
the detail of the connections. 

The commutator at first gave considerable trouble, but with 
suitable carbon brushes and adjustable tension, it was found 
possible to considerably improve its action. To calibrate the 
instrument the method of obtaining small extensions by load- 
ing a wire was adopted. A No. 18 steel piano wire was used, 
about two metres in length, with suitable vernier attachment, 
and extensions were produced by suspending the wire verti- 
cally and applying direct loading. After calibration the wire 
was adjusted to a length of 44.25 ins., which gave an extension 

oi in. for 1 lb. loading. 

The extensometer was supported by a pair of similar wires, 
the armature being attached to the calibrated wire. 

The milli-voltmeter used was a portable direct- reading de- 
flection type galvanometer of the D^Arsonval pattern, by Sie- 
mens and Halske. Its resistance was 803 ohms and 1 div. 
,0002 volts, and sensitiveness such that one scale division cor- 

responded to a movement on the extensometer of in. 

The fujl scale of the galvanometer corresponded to a move- 
ment of 1.25 X 10^ ins. For greater movement a resistance 
was placed in series with the galvanometer. A series of rend- 
ings for calibration purpnse.s is given in Table I. Fig. 4 shows 


TABLE I. 

SiMed !>-1,1SA K.P.M. Cumnt:— 1 unp. 

Ka 



lUftdlnf. 

^ DtHecilon. 



8 

0 

1 0 

3 

nmf 

to 

41 

37 

33 

1.000 

80 

80 

72 

72 

111 

111 

103 

108 


U7 

103 

130 

145 


184 

100 

176 

182 

4,000 

216 

910 

9p8 

211 

. ?.0OO 

m 

209 

245 

244 

0,000 

983 

235 

275 

977 

;;:\J'090/ ; ‘ 

3U 


311 






]Ui4aUiiM;-^iS0 ohm*. 


Lm 4 In Chfnint. 

KMdlDf. 

y. ■; — 'jir^zsesi 

l)«8«ollon. 

0 

9 

8 

■ni 

1 

2.000 

46 

46 



4,000 

82 

T8 



0,000 

114 

116 

106 


8,000 

160 

149 

141 


10,000 

186 

184 

176 


. 12,000 

220 

219 

211 


14,000 

?64 

267 

246 


18,000 

298 

•• 

2S4 

HHH 


Rttiiitaiioii 2.490 ohmt. 



the corresponding 'eurvei. The results .show that (or exten- 
sions up to 5 X 10^ inches the galvanometer readings are very 
nearly proportional to the extensions, 
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Factors can be obtained for each resistance^ which enable 
all deflections to be reduced in terms of deflections with no extra 
resistance in circuit. 

Readinais taken of a suitable deflection, with and without 
resistance, give the necessary factor. It was foimd that if load 
wpre left on the wire for some time the reading would vary 
somewhat. On this account^ in obtaining further calibration 
curves, each reading recorded was the mean of five' readings 
obtained by applying alternately load and no load. Tables 2 


TABLE II. 

Spe«a 1,140 ll.P.M. Onn-Mit;— 1 nwp. 


l.<Mkd In Lbt 

liMidliifr. 

— *^i=r=rrrr-=i: 

AQi'iirncy. 

KeititAttM. 

factor. 

Rednoed 

Deflection 

0 

0 

Prob. Error %| 

0 

0 

0 


AS-8 

4*4 

#» 

1 

58-8 

O^b 

119*7 

2*8 


fi 

119 7 

0-75 

180 2 

1‘5 

If 

t» 

180*2 

1 

1I0-4 

0*9 

.* 

31 

240*4 

1-25 

301*1 

1*6 



301*1 

1 25 

149*9 

1*1 

! H35 

2 008 

301*1 

2 

240*2 

0-4 

! 

,, 

482*6 

2‘6 

300 

0 0 

i .» 


602*6 

2-5 

155*4 

OS 

1 2,47* 

1 ** 

3*87 

602*6 

3'75 

283 4 

0-2 

»» 

904*9 

5 

810*5 

0 4 

1 

•• 

\.204 

5 

116*2 

0 7 

8,0K0 

10*36 

1,204 

7 

166*5 

0 0 

»» 

,, 

1,725 

10 

230*5 

0 3 

i 


2,388 

11 

278*6 

0*1 

1 

13 

,, 

2 874 

11 

115 2 

0 2 

22,500 

24*9 

•2.874 

1.5 

149 1 

0*3 

«. 

».72l 

20 

•202*5 

0*4 

i •• ! 


5,054 

25 

262 .3 

0*2 

1 i 

.4 

6,546 

27 

285 

00 


•• 

7.113 


TABLE 111. 

: -1,140 ^ Curren*:— 1 »roe. 


XmA lit f.be 

j Seeding. 

A4‘oiiracjr. 

Hretelanoe. 

PActnr. 

Ucduced 

l^flertiou. 

0 

0 

Prob. Error % 

0 

0 

0 

1 

240*6 

0 5 

0 

1 

240*r> 

8 

240*1 

08 

835 * 

2 0087 

4a«'3 

5 

810*4 

08 

2,457 

3*877 

1,204 

10 

280*5 

0 4 

8.080 

10*362 

2,388 

19 

, 115*4 

0 4 

22,600 

24*967 

2.874 

15 

160*1 

0 1 

,, 

11 1 

3,746 

20 1 

211 

0*3 

»♦ 

♦ » 

5,266 

25 

279*1 

02 


»» 

0,965 

27 1 

808 

0 4 

t* 

♦f 

7,687 


8 


and f^ive the results for loads up to 25 lbs., peprei^nting a 

total extension of -g - in. The readings in the last columns 

are reduced to the corresponding values with no extra resis- 
tance in the galvanometer circuit. Fig. 5 shows the results 



given in Tables 2 and 3. It appears that the defiectiona are 
very nearly proportional to the movement of the armature over 
a considerable portion of the ran^e. 






VIEW >SHOWINO EXTENSOMETEH ATTACHED 
TO TEST PIECE 
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APPLICATION AS AN EXTENSOMETER. 

The instrument was now adapted for application in the 
measurement of strains in ordinary lest pieces in tension or 
compression. The distance over which these extensions are 
taken is usually about 8 inches. A hardened steel point is 
let into the end of the armature, and a steel knife edge, carried 
at the end of a hardened>steel rod rigidly attached to the core, 
forms the second contact. Pig. 6 shows the completed extenso- 
ineter. A brass fork suitably milled out was attached to the 
core poles by bolts. To the end of this fork is attached the 
distance piece, which consisted of a hardened steel arm Va in. 

by in., the end of which is bent at right-angles to form 

the grip. A “V” is cut in the end, and ground to form sharp 
edges. The distance between these edges and the steel pin on 
the armature when in its central position was made 20 centi- 
metres. 

The terminals were carried in a fibre strip attached to the 
core. The whole instrument was attached to the test piece by 
a spring clamp. Fig. 7 shows the extensometer attached to a 
test piece with a Marten’s mirror extensometer having a 10 
c.m. distance piece fitted underneath. To eliminate any bend- 
ing of the test-piece, two exteiisometers should be used, one on 
each side of the specimen. However, for the preliminary ex- 
periment, the arrangement show'ii in Pig. 7 was used, it be- 
ing assumed that any effect'' experienced over the 20 c.m. dis- 
tance would be twice as great as that over the central 10 c.in. 
The test-piece was a .standard Bessimer steel bar of sectional 
area, .6 square inches, and capable of being loaded to 6 tons. 
The specimen was held in a suitable testing machine; an ini- 
tial load of half a ton was applied to bring the galvanometer 
pointer to zero. 

The following tests were then carried out: — 

(1) In order to ascertain if any slip wcurred at the grip 
points, various loads were applied and then removed; the read- 
ings are given in Table 4. and agree within .4 per cent., showing 
that the method of attachment is efficient. 

(2) Tests were made to compare the results obtained by 
the instrument with those obtained by the Marten’s mirrors. 
The latter measured the extrusions over 10 c.m., while the 
former was over 20 c.m. Table 6 shows the results for loads 
up to 1.26 tons. No extra resistance was placed in the galvano- 
meter circuit. Consequently maximum sensitiveness was ob- 
tained. For a load of 1^ tons the mirrors showed a deflection 
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TABLE TV. 


SpeCKi 1.144) R.F.M. 


Carieiit I amp. 


No Retiaiaiioe. 1000 ohm*. 


Loftd in Ton*. | 

j IttAding. 

1 

{ Dtfleotion. 

! 

K«*4iiig. 

Deflection. 

0 

1 

i -w 

0 

21 

i 

0 


! 3418 

1 2 0 

140 


119 

4) 

48 

iOO 

21 


110 

1 ! 

l! 307 

1 2A9 

130 


118 


il 47 

264) 

20 


no 

1 

' :mi7 

24H) 

139 


no 

4) 

li 47 

i *260 

! 24) 


no 

1 

Meftii: m s 

ohm*. 

|Me*ii : 

5,OU4) ohms. 

IJ8-8 


- ~ — 

-- T-i. --r-~ 





Load III Tom. 

Heeding 

1 lioflection. 1 

Heeding. 

Deflection 

0 

10 

0 i 

35 

0 

2-6 

324 

314 1 

102 

98 5 

0 

0 

315 ; 

35 

98 ‘6 

25 

325 

314 

14»25 

09 

0 


8155 

4 

98 5 

2-5 

323 

313-5 

14)2 5 

98-5 

“ 1 

8 

8 15 

Mean : 814 5 

3-3 

99 

Mean : 98'7 


TABT.E V. 


8p€«t) : -1,140 R.P.M, Current I artip. 

No Hetistniicc. 


Load in 1 

1 

! 

Mianoa*. 

" 

OeLVAJvoMvrna. 

Ton. 1 

! 

Moving. 1 

Fixed. 

Deflection. 

Heeding.' 1 

I' Deflection* 

0 i 

i 0 

0 


13 

0 

0 25 

2-0 

0 1 

\ 1# 

46 

58 

05 

4-0 

0-2 

38 

in 

124 

0-75 

50 

0-2 

: 5-7 

178 

191 

1 

79 

0*2 

7-7 

244 

2S7 

1 25 i 

08 

0-2 

96 

312 


1-175 

90 

0-2 

8-8 

302 

315 

1 ii 7 6 

0-2 

74 

2491 

281 

0-75 

1 56 

0-2 

54 

194 

207 

4)5 

i 3-6 

. 02 

3-4 

125 

138 

025 

1-7 

Oi 

, 16 

53 

66 


i 0^ 

ii 

0 

; 0-2 

21 

8 



of 9.6 ovor 10 imil, corivspotidiii}; to 19.2 over tlie distance 
20 c.m. These readings arc to 1/10 scale dinieiisinns, so (hat 
192 readable spaces are available. For the same load the gal- 
vanometer deflection is 325 divisions, and with the mirror scale 
provided, this gives 650 readable spaces. The sensitiveness of 
the magnetic extensometer is then 3.4 times that of tlie mir- 
rors. However, the consistency and reliability of the instriiment 
has so far not l)een sufficiently investigated to w«nrraiil oin^ 
in finally accepting its readings. Thermal and incchanieal 
effects have still to be investigated. 

Pig. 8 shows the curves plotted from Table 5. 



The reversal of load causes an apparent alteration in slope 
of the curve, which is only to be explained by some irregularity 
in the mechanism of the magnetic extensometer or its attach- 
ments. This point will be referred to later on, but it must 
be remembered that limits of reliability of the instrument will 
probably be determined by considerations other than purely 
electrical. 

Test 3. With 5.(X)0 ohms introduced into the galvano- 
meter circuiit, the sensitiveness is reduced and a larger range of 
load can be used. 

Table 6 and Fig. 9 shew the results. In Pig. 9 the mean 
values for increasing and decreasing ^oads are plotted. 
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TABLE VI. 

Speed: 1,140 R.P.M. Ctirreiil : - 1 emp. 

Reeietanoe -5,000 ohm*. _ _ _ . 
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Teat 4. To as<»ertairi if a contiiinoiis record could be ob* 
taineil, a Fery Thread Recorder was used in place of the gal- 
vanometer. Load was applied to the test piece at a unifortU 
rate. Fig. 10 is a record taken by this instrument with 2,800 
ohms in circuit. The load was applied at .1 tons every half- 
minute to 4.5 tons, and then decreased at the same rate. Simi- 
lar discrepancies appear as remarked on previously in the case 
of the direct reailings, hut the test is sufficient to show that the 
instrument is adaptable for record purposes within certain 
limits. 

Test 5. The effect of resistance in the galvanometer cir- 
cuit is shown in Fig. 11; factors obtained by reading a given 



extension with and without resistance are plotted against re- 
sistance. This shows that deflections are approxiiijately pro- 
portioned to the total resistance in the galvanometer circuit. 

In the experiments so far described, the alternating cur- 
rent was derived from a IQ k.w. alternator driven by motor, 
with the rectifier attached to the shaft. The machine was much 
larger than was required, but enisled steady conditions in re- 
gard to frequency and current adjustment in the primary coils 
to be obtained. 

As the actual amount of power required to operate the 
extensometer is not more than a few watts, attempts were made 
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nt this stage to reduce the size of the generator used. Several 
att#>*opt» were made with very small machines, but all proved 
more or less unsatisfactory. To obtain reasonably steady run- 
ning, it was found that the best results wore obtained from a 
motor-generator set; rotary converters transferred irregulari- 
ties from the D.C. to the A.C. side, and machines with double 
wound armatures, though satisfactory to a certain extent, were 
not found to afford all the advantages given by a set with dis- 
tinct motor and generator. 

An improved method for gripping the extensometer was 
developed by Mr. W. 11. H. Gibson. The modifications in design 
to allow of the application of two instruments to the opposite 
side of a round test bar are shown in Fig. 13. The side 





brackets are brass castings. A brass cross-piece is attached to 
the bosses of the brackets, and passes under the instrument. A 
single distance piece is attached to the middle of the cross-piece 
by screws, and preferably dowelled in plates; each distance 
piece is intended to be permanently attached to its cross-piece, 
the whole being removed and another unit attached in its place 
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if it is desired to change the gauge length. The knife edge on 
the tongue is made from round steel screwed on the end, and 
provided with a conical shoulder, which is drawn up in a 
cored seating in the tongue to prevent movement relative to 
the tongue. For further security it might be brazed in place, 
but the above method has so far not proved unsatisfactory. 
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The edge is necessarily ground after being fixed in place. As 
the other knife edge is ground on the end of the distance piece, 
it is not likely that there will be any movement. 

A centre above the last-mentioned knife edge is intended 
to take the point of the clamp screw, while the jaws of the other 
clamp fit into holes in the protruding part of the tongue. The 
clamp is shown in Fig. 12. The jaws are designed to grip the 
tongue of one instrument while the screw presses on the dis- 
tance piece of the other above the knife edge, a pair of clamps 
being used with a pair of extensometers. 

The instruments are held firmly, and there is no load on 
the pivots. The clamps are designed to hold extensometers 
on round bars up to 2J inches diameter, and the jaws will 
open sttflficienily to pass over such bars. For use with small 
bars the screw should be lined up accurately, and all pin joints 
must fit well. In a horizontal testing machine the extenso- 
meters should be mounted above and below the bar. The 
tongue of the instrument, as shown in Fig. 2, is held in posi- 
tion and pivoted by steel screws pressed hard into the core. 
This arrangement was used in the first place to enable the 
parts to be easily got at. It is proposed, however, in the final 
design to eliminate these screw pivots, and to hold the tongue 
in position, still giving it the necessary freedom of movement, 
by brazing a thin steel strip into slots cut into the tongue and 
core, as shown dotted at A in Pig. 13. 

A difficulty which has to be met in the application of the 
exteiisometer is that even though great care be used in setting 
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up the instrument on to gauge marks on the specimen, it will 
seldom be possible to so set it that the galvanouieter reading 
initially will be *ero. 

To overcome this difficulty a second instrument, which we 
shall call a compensator,” similar to the extegsometer, except 
that fewer turns are provided on the secondary winding on 
the tongue, and except that the tongue can be contr<dled by 
some simple mechanical means, was joined in Circuit with the 
extensometer, as shown in Pig. 14. 

Pig. 15 shows the compensator with its mechanical attach- 
ment. The primary coils of both instruments were joined in 
series and supplied with an alternating current of constant 
strength. The secondary coils of both instruments were simi- 
larly joined in series and connected to the rectifying com- 
mutator. 

So long as the extensometer was set so that the tongue was 
in approximately a central position, movement of the tongue of 
the compensator, which was controlled by a screw gsuge cal- 
lipers, brought the galvanometer reading to zero. 

The same result could no doubt be obtained by attaching 
a mechanical device to the grip furthest from the extensometer 
body, enabling a fine adjustment of the grip to be made. This 
arrangement would not be a.s convenient as the “com- 
pensator.” There appears, however, a possibility that the 
E.]\r.F. in the compensator secondary winding may not always 
be in phase with the E.M.P. in the extensometer secondary for 
all positions of the tongue; this point needs further investiga- 
tion. A point to which special attention should be called is. 
that the inductance of the primaiy circuit of the extensometer 
does not remain constant as the tongue is moved across the 
gap. The effect is to vary the phase difference between 
the primary current and the E.M.P. in the primary circuit 
Consequently the position of the rectifier commutator must be 
varied with the movement of the tongue, if complete rectifica- 
tion is required. Complete rectification is, however, not essen-^ 
tial. Moreover, it is; possible to correct for this by the use of 
variable inductance in the primary circuit, instead of the vari- 
able remstance so &r used; or to include in the primary cir- 
cuit sufficient inductance to render the variation negligible. 
There is little doubt that in the past a considerable amount of 
the variation caused by this effect was attributed to faulty 
action of the rectifier. The shape of the calibration curve can 
be altered by adjustment of the position of the rectifier com- 
mutator ; also by variation in shape of the pole-pieces or tongue. 

As considerable difficulty was experienced from time to 
time in maintaining the rectifying commutator in sfitisfaetory 
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order, especially when made in the smaller sizes to attach to the 
smaller generators, methods* were tried with the object of 
eliminating the rectifier and using A. C. instruments. 

One method to which a considerable amount of attention 
was devoted was to employ an A.C. galvanometer on the prin- 
ciple of the Abraham or Sumpner galvanometer, as shewn in 
Pig. 16. 

EXTENSOMETER WITH A.C. GALVANOMETER. 



The primary coils of the extensometer were joined in series 
with the exciting coils of the Sumpner galvanometer. 

The secondary coil of the extensometer was joined in series 
with the moving coil of the galvanometer. 

The effects of change of frequency were, to a large extent, 
annulled; but a considerable decrease in sensitiveness was 
experienced. 

Other methods tried were the Cohen barretter, thermo-gal- 
vanometer, telephone receiver, and vibration galvanometer. 

None of these methods proved more satisfactory than the 
rectifying commutator with D.C. instruments. 

However, our experience has been that rectifiers cannot 
always be relied upon over any but short periods of 
time, and even for short periods f^equire care in design and 
operation. 

An attempt is at present being made to construct a mer- 
cury rectifier, which it is thought will overcome some of the 
difficulties experienced with the metal commutator type. Pre- 
liminary experiments seem to indicate a possibility of succesi^. 
present this apparatus is under construetiop, 


Although the development of the oxlejisometer is still only 
in an experimental stage, it has been possible to proceed to a 
limited extent with some of its applications. Investigations 
upon the strains in the neighbourhood of riveted joints have 
been attempted, measuring over distances of one centimetre and 
less. For this purpose the extensometer is provided with two 
steel points, one let into the tongue, the other into the core, 
about one centimetre apart. The application to the measure- 
ment of strain in existing structures has also been developed to 
some extent. The application to a torsionmeter was under- 
taken by Messrs. P. E. Tandy, E. F. Campbell, and A. R. Ed- 
wards, and it has been shewn that the apparatus can be used for 
such a purpose. One special advantage offered by the magnetic 
extensometer, as compared with other forms, is that the readings 
need not be taken close to the apparatus. A number of such 
instruments could be fitted to various members of a structure, 
and the defiections, or continuous records for slowly-moving 
loads, could be taken at a distance. Other applications will, 
no doubt, suggest themselves. 

We are indebted to Mr. Maclaren, mechanic to the De- 
partment, for the care with which he has constructed numerous 
pieces of apparatus used in the investigation. 





